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ABSTRACT 
The Lower and Middle Allochthons in the Akkaj aure-Tysfj ord-Lofoten-
Rombak/Sjangeli area comprise shortened sections of basement and cover 
rocks from the upper crust of Baltica. The northern half of the Ak­
kaj aure Nappe Complex, ANC (=Middle Allochthon), comprises six 
extensive thrust sheets of basement and cover rocks. The comparatively 
thin covers are locally thickened by hinterland dipping duplexes; 
their structural style and lithologies similar to that of the under­
lying duplexes of the Lower Nappe Complex, LNC (=Lower Allochthon). An 
estimated original c. 350-400 km or more, WNW-ESE section is shortened 
to 120 km. A restored section displays a basement of granitoids and 
subordinate gabbroids with A-type characteristics, suggested to be 
part of the 1.65-1.8 Ga Transscandinavian Granite-Porphyry Belt. These 
are overlain by local outliers of porphyries, and porphyry-bearing 
conglomerates; these may be western correlatives to the Porphyry Group 
and the Snawa-Sjöfallet 'series' in the foreland. Massive arkoses, 
diamictites and calcareous mica schists follows, overlain by arkoses 
and greywackes and Dividal Group quartzites, quartz phyllites and 
graphitic phyllites; these successions span the late Riphean to Upper 
Cambrian. 
Comparable, but less comprehensive, sections occur on the eastern 
(E Hinn0y) and westernmost (Vaer^y) flanks of the Lofoten province, 
and in the Rombak-Sjangeli Window. Generally in the traverse, massive 
arkoses have only been identified in the Middle Allochthon. The 
youngest rocks, Upper Cambrian Alum Shale Formation, are mostly 
restricted to the Lower Allochthon while cut out towards the west in 
the Middle Allochthon. Tectonostratigraphic, fossil and radiometric 
data allow early Ordovician Finnmarkian thrusting and late Silurian-
Devonian Scandian reactivation of the Lower and Middle Allochthons. 
Tectonic evidence from the base of the overlying Seve-Köli Nappe 
Complex, SKNC (=Upper Allochthon) in the Akkaj aure area and 
radiometric evidence from the Rombak-Sjangeli area indicate Scandian 
out-of-sequence thrusting of the SIQfC. 
Geometry of duplexes and stacked thrust sheets of ANC, vergence of 
syn-thrust folds, orientations of large sheath-fold, stretching 
lineations and elongations indicate D2 thrusting of the ANC and LNC 
towards S60*E. The same direction is indicated by structures in cor­
responding tectonic units from Vaer^y, Hinn^y and the Rombak-Sjangeli 
Window. A sequence of south-verging and later north-verging transverse 
F3 folds deform locked thrusts. Folding over hanging-wall lateral 
ramps is preferred as the main mechanism bf F3 deformation, over 
orogen-parallel transpression or rotation into the thrust direction. 
Estimates of P-T based on garnet-biotite, garnet-white mica, 
calcite-dolomite pairs and Si ' of white mica suggest syn-thrust max 
T" of 420-450"C and P= 2-3 Kb along the major thrusts of the ANC. 
Gradually lower temperatures are suggested towards the foreland, along 
the active sole thrust during the piggy-back style stacking of the 
ANC. A slower rate" of cooling from D2 to D4 for the LNC and ANC in the 
Tysfjord area suggests significantly thicker syn-D4 cover there as 
compared to the Akkajaure area. Lastly, the entire nappe stack was D4 
back-folded along orogen-parallel axes. Doming of the underlying 
basement is suggested to result from mid-crustal horizontal shorte­
ning, modified locally by minor solid-state diapirism in the 
westermost parts. 
Kev-words: Scandinavian Caledonides, Transscandinavian Granite-
Porphyry Belt, Akkajaure Nappe Complex, thin-skin tectonics, crustal 
shortening, P-T conditions, thrust geometry, stratigraphy 
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ABSTRACT 
The Lower and Middle Allochthons in the Akkajaure-Tysfjord-Lofoten-
Rombak/Sjangeli area comprise shortened sections of basement and cover 
rocks from the upper crust of Baltica. The northern half of the Ak-
kajaure Nappe Complex, ANC («Middle Allochthon), comprises six 
extensive thrust sheets of basement and cover rocks. The comparatively 
thin covers are locally thickened by hinterland dipping duplexes; 
their structural style and lithologies similar to that of the under­
lying duplexes of the Lower Nappe Complex, LNC (=Lower Allochthon). An 
estimated original c. 350-400 km or more, WNW-ESE section is shortened 
to 120 tau. A restored section displays a basement of granitoids and 
subordinate gabbroids' with A-type characteristics, suggested to be 
part of the 1.65-1.8 Ga Transscandinavian Granite-Porphyry Belt. These 
are overlain by local outliers of porphyries, and porphyry-bearing 
conglomerates; these may be western correlatives to the Porphyry Group 
and the Snawa-Sjöfallet 'series' in the foreland. Massive arkoses, 
diamictites and calcareous mica schists follows, overlain by arkoses 
and greywackes and Dividal Group quartzites, quartz phyllites and 
graphitic phyllites; these successions span the late Riphean to Upper 
Cambrian. 
Comparable, but less comprehensive, sections occur on the eastern 
(E Hinnjby) and westernmost (Vaer^y) flanks of the Lofoten province, 
and in the Rombak-Sj angeli Window. Generally in the traverse, massive 
arkoses have only been identified in the Middle Allochthon. The 
youngest rocks, Upper Cambrian Alum Shale Formation, are mostly 
restricted to the Lower Allochthon while cut out towards the west in 
the Middle Allochthon. Tectonostratigraphic, fossil and radiometric 
data allow early Ordovician Finnmarkian thrusting and late Silurian-
Devonian Scandian reactivation of the Lower and Middle Allochthons. 
Tectonic evidence from the base of the overlying Seve-Köli Nappe 
Complex, SKNC (=Upper Allochthon) in the Akkajaure area and 
radiometric evidence from the Rombak-Sjangeli area indicate Scandian 
out-of-sequence thrusting of the SKNC. 
Geometry of duplexes and stacked thrust sheets of ANC, vergence of 
syn-thrust folds, orientations of large sheath-fold, stretching 
lineations and elongations indicate D2 thrusting of the ANC and LNC 
towards S60*E. The same direction is indicated by structures in cor­
responding tectonic units from Vaer^y, Hinn^y and the Rombak-Sjangeli 
Window. A sequence of south-verging and later north-verging transverse 
F3 folds deform locked ' thrusts. Folding over hanging-wall lateral 
ramps is preferred . as the main mechanism of F3 deformation, over 
orogen-parallel transpression or rotation into the thrust direction. 
Estimates of P-T based on garnet-biotite, garnet-white mica, 
calcite-dolomite pairs and Si of white mica suggest syn-thrust max 
T* of 420-450°C and P= 2-3 Kb along the major thrusts of the ANC. 
Gradually lower temperatures are suggested towards the foreland, along 
the active sole thrust during the piggy-back style stacking of the 
ANC. A slower rate' of cooling from D2 to D4 for the LNC and ANC in the 
Tysfjord area suggests significantly thicker syn-D4 cover there as 
compared to the Akkajaure area. Lastly, the entire nappe stack was D4 
back-folded along orogen-parallel axes. Doming of the underlying 
basement is suggested to result from mid-crustal horizontal shorte­
ning, modified locally by minor solid-state diapirism in the 
westermost parts. 
Kev-words: Scandinavian Caledonides, Transscandinavian Granite-
Porphyry Belt, Akkajaure Nappe Complex, thin-skin tectonics, crustal 
shortening, P-T conditions, thrust geometry, stratigraphy 
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TOPICS AND STRUCTURE OF THESIS 
Modern terrane analysis suggests that the Scandinavian 
Caledonides is partly the result of an amalgamation of exotic 
terranes and partly of the subduction of Baltica at the collision 
with Greenland, events extending from the late Cambrian to 
Devonian times. In the northern Scandinavian Caledonides, the 
Middle and Lower Allochthons comprise crystalline rocks and 
sedimentary rocks of continental origin, concluded to be in­
digenous to Baltica. 
The main topic of this dissertation is the structure and tectonic 
development of these continentally derived allochthonous units in 
the Akkajaure-Tysfjord area and adjacent areas to the north of 
there. The degree of allochthoneity of these units, their struc­
tural relation to the underlying 'basement1, and the extent and 
type of involvement of the deeper levels of the basement in the 
orogenic processes have been a matter of dispute from the last 
century to the present. Special attention is given here to the 
complicated sequential development and deformation of the stack 
of thrust sheets. The metamorphic parageneses of the rocks 
present along the thrusts, together with the mineral chemistry 
investigated by microprobe, are used for an estimate of the P-T 
conditions prevalent during thrusting. From the results of 
detailed mapping, tectonic analysis and regional correlations, an 
attempt is made to reconstruct the stratigraphy and the dis­
tribution of the lithologies of this part of Baltica, previous to 
detachment and eastward thrusting. Based on these results, 
regional' comparisons with the pre-Iapetus geology of Baltica and 
southern Greenland are discussed. 
The Scandinavian Caledonides represent, globally, an excep­
tionally deeply eroded, well exposed and relatively accessible 
example of an early Phanerozoic orogen. The Akkajaure-Tysfjord-
Lofoten-Rombak/Sjangeli area offers some of the deepest eroded 
traverses through the Scandinavian Caledonides, where the tec­
tonic relationships between basement and cover can be studied, 
from the foreland to deep into the hinterland, over a distance of 
c. 300 km. 

vi 
Devoted to these problems, this dissertation includes four dif­
ferent publications ; 
1. The Middle and the Lower Allochthons in the Akkajaure area, 
northern Scandinavian Caledonides. (Björklund 1985). 
2. Basement-cover relationships and regional correlations of the 
Caledonian nappes, eastern Hinn^y, N. Norway. (Björklund 
1987a). 
3. Stratigraphy, structure and metamorphism of the Lower and 
Middle Allochthons and underlying basement, Akkajaure-Tysfjord 
traverse, N. Scandinavian Caledonides. (Björklund 1989, this 
volume). 
4„ Geology of the Akkajaure-Tysfjord traverse, northern Scan­
dinavian Caledonides» (Björklund 1987b. Plate I? map in colour 
in back-cover pocket.) 
The first paper reviews the main tectonostratigraphic and thrust 
tectonic relations in the Akkajaure-Tysfjord area. The results of 
this paper are expanded and reevaluated in the third paper. In 
the second paper, similar relationships are described in detail 
in a smaller area on the northeastern margin of the Lofoten-
Vesterålen province. A regional overview is given and tectonic 
relationships and tectonostratigraphic correlations are dis­
cussed. The main emphasis is placed on the lower Caledonian nappe 
units, derived from continental basement and cover rocks. The 
third title is a monography, constituting the main part of this 
dissertation. It describes in detail the tectonostratigraphy, 
stratigraphy and lithologies, together with the structural and 
metamorphic history of the Akkajaure-Tysfjord traverse. Separate 
discussions are provided for the chapters on tectonostratigraphy 
and structures, respectively, in addition to the final 'Summary, 
Discussion and Conclusions1. The latter- provide a summary and 
discussion of the main results of this thesis. The fourth 
publication consists of geologic maps and sections in colour 
(Plate I), illustrating the geologic relations described in the 
third paper. 
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The Middle and Lower Allochthons in the 
Akkajaure-Tysfjord area, northern Scandinavian 
Caledonides 
L. Björklund 
Department of Geology, Chalmers University of Technology and University of Göteborg, S-412 96 Göteborg, 
Sweden 
ABSTRACT 
In the Akkajaure area in the northern part of the Swedish Caledonides, the 
allochthonous units are dominated by Precambrian crystalline rocks, referred to as 
the Akkajaure Nappe Complex. These are thrust over an imbricated thrust 
complex, the Lower Thrust Complex. The latter overlies sedimentary rocks of the 
Dividal Group (Hyolithus 'series') which were deposited on the Precambrian 
basement. The Lower Thrust Complex is composed of sheets of Dividal Group 
sediments and Precambrian crystalline rocks. The Akkajaure Nappe Complex is 
overthrust by the Seve-Köli Nappe Complex. The Seve units consist of 
amphibolites and garnet-mica-schists. They thin and cut out westwards and the 
overlying Köli mica schists, marbles, and occasional amphibolites rest with tectonic 
contact directly on the Akkajaure Nappe Complex. 
The Akkajaure Nappe Complex is composed of six thrust-sheets, each consisting 
of P recambrian granitoids with a thin cover of younger sedimentary rocks. These 
thin cover sequences, which locally swell to duplexes of imbricated sediments and 
crystalline rocks similar to those of the Lower Thrust Complex, have been mapped 
from the front of each thrust-sheet in Sweden westwards to Norway; they provide 
marker horizons for the thrusts. Stretching lineations in the thrust rocks and under 
the regional sole thrust indicate thrusting towards the east-southeast, as does the 
regional orientation of the imbricate sheets of the Lower Thrust Complex. The 
strain is higher in the upper thrust-sheets. A restored profile of the Akkajaure 
nappe Complex suggests a successive stacking and transport of the individual sheets 
piggy-back style, towards the thrust front. It is concluded that this complex was 
derived from west of the Lofoten islands. A minimum estimate of the stretching of 
the thrust-sheets is calculated. On the basis of this estimation it is suggested that the 
uppermost thrust-sheet of t he Akkajaure Nappe Complex was transported in the 
order of 600 km to its present position. 
Introduction 
Early work in the northern Scandinavian 
Caledonides demonstrated the occurrence of meta-
morphic rocks, often strongly deformed, overlying 
lesser or non-metamorphosed sediments of the 
Dividal Group, the latter resting on the crystalline 
basement. In a review of the literature, Törnebohm 
(1893) suggested, based on analogy with the cen­
tral Scandinavian Caledonides (Törnebohm 1888), 
the presence of large-scale thrusts to explain these 
relationships. This interpretation was soon substan­
tiated by Högbom (1897) and Petterson (1897) in 
reports from the Sjangeli-Rombak Window. 
The Caledonian allochthon of the Akkajaure area 
(Fig. 1), northern Sweden, described in this paper, 
consists mainly of Precambrian granitoids. These 
rocks are overthrust by the Seve-Köli Nappe Com­
plex (Zachrisson 1969), a tectonic unit that extends 
along the whole of the Swedish Caledonides (Zach­
risson 1973). Kautsky (1953) presented evidence 
showing that the Seve-Köli Nappe Complex in the 
Akkajaure area had been transported at least 250 
km from west to east. He considered the underlying 
thrust units of his Akkajaure Complex to be a series 
of short-transported slices of basement rocks, each 
slice with a thin cover of 'Hyolithus-zone type' 
(Dividal Group of this paper) sedimentary rocks. 
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Fig. 1 
(1953), 
Kautsky regarded these slices to be 'transported 
towards the east and partly piled upon one another' 
(Kautsky 1953, p. 228) due to the overthrusting of 
the Seve-Köli Nappe Complex. 
Kulling (1964, 1982) in his description of the 
Swedish Caledonides of northern Norrbotten 
divided the nappes below the Seve-Köli Nappe 
Complex into a rootless far-thrust complex, the 
Middle Thrust Rocks, underlain by the relatively 
short-transported complex, the Lower Thrust Rocks. 
In the Akkajaure area, Kulling described the Middle 
Thrust Roeks as consisting mainly of Precambrian 
granitoids. However, in the east, he recognized 'thin 
slices of low metamorphic sediments' occurring 
within the overthrust 'basement' rocks,„-the sedi­
ments having 'tectonic contacts with both overlying 
and underlying cataclastic basement' (Kulling 1964, 
p. 151). The Lower Thrust Rocks Kulling (1964) 
described as a complex of imbricated sheets derived 
from the Precambrian basement and its cover of sedi­
ments of the 'Hyolithus zone' (Dividal Group). 
These sheets were detached as a result of the east­
ward translation of the allochthonous Middle Thrust 
Rocks. 
Thus, Kulling distinguished two major alloch­
thonous complexes under the Seve-Köli Nappe 
Complex; the rootless, far-transported Middle 
Thrust Rocks and the underlying relatively short-
transported Lower Thrust Rocks. By contrast, 
Kautsky distinguished only one thrust-complex 
which he called the Akkajaure Complex. Further­
more, a significant difference in transport distance 
was inferred for the nappes in the two models. 
A detailed structural analysis of the nappes in the 
Akkajaure area was made during the late 1970s 
(Björklund 1979, 1980) and the main results are 
summarized in this paper. 
Main Tectonic Units 
The main tectonic units in the Akkajaure-Tysfjord 
traverse (Fig. 2) can be conveniently treated in ifour 
main categories (cf. Gee and Zachrisson 1979). 
These are: 
Upper Allochthon Seve-Köli Nappe Complex. 
Middle Allochthon Akkajaure Nappe Complex. 
Lower Allochthon Lower Thrust Complex. 
Parautochthon and Sedimentary Cover: Dividai 
Autochthon Group. Basement: Precambrian 
crystalline rocks and overlying 
'Sjöfalls series' sandstones, por­
phyries, etc. 
By detailed mapping, the allochthonous units have 
been followed from Stora Sjöfallet at the Caledonian 
thrust front to Tysfjord on the west coast of Norway, 
a distance of 120 km. This traverse shows the Upper 
and Middle Allochthon to consist of essentially flat-
lying, westwardly-thinning sheets (Fig. 2). The 
underlying Lower Allochthon varies greatly in 
thickness, regionally. As a consequence, a similar 
simple assessment of westward thinning for the 
Lower Allochthon would be misleading. 
The term, autochthon is reserved for the Pre­
cambrian basement with its Vendian to Cambrian 
sedimentary cover (Dividal Group) present beneath 
the eastern thrust front. West of t he thrust front, the 
basement and, locally, the lowermost part of its -
sedimentary cover are exposed in several windows 
and on the west coast of Norway (Fig. 1). The Akka-
i 
Stora Sjöfallet 
Distribution of main tectonic units in the Akkajaure-Tysfjord area. Based on Foslie (1941, 1942), Kautsky 
Kulling (1964, 1982), and author's data. AK: Akkajaure Window, AU: Autajaure Window, S: Sitasjaure 
Window, T: Tysfjord Window 
I ! I ;| Seve-Köli Nappe Comp 
Akkajaure Nappe Comp lex \ 
Lower Thrust Complex and 
Dividal Group 
f~~~| Basement 
30 km 
•t———L— i 
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jaure, Autajaure, and Sitasjaure Windows and, 
further west, the Tysfjord Window, are all Caledo­
nian late-stage post-thrusting structural domes (Fig. 
2). This doming implies significant movement of the 
basement and its sedimentary cover. These rock 
units, west of the thrust front, are consequently 
treated as parautochthonous (Gee and Zachrisson 
1979). 
Autochthon and Parautochthon 
Basement rocks 
The autochthonous basement exposed immediately 
east of the Caledonian front around Stora Sjöfallet 
(Figs 1, 2) consists of porphyries and sandstones of 
the Precambrian Sjöfall 'series' (Svenonius 1900; 
Ödman 1947, 1957; Asklund 1953; Kautsky 1953; 
Gavelin 1953; Kulling 1964). The age of these rocks 
is debated and an early Svecokarelian or a post-
Svecokarelian pre-Dalslandian age has been sug­
gested (Lundqvist 1979). 
A coarse, leucocratic granite, rich in perthitic 
K-feldspar, occurs in the deepest structural levels of 
the Akkajaure and Autajaure Windows. This gra­
nite is petrographically similar to the Tysfjord gra­
nite (Foslie 1941, 1942, Kautsky 1953; Holtedahl 
1960, pp. 257-260; Gustavson 1966) in the Tysfjord 
Window in Norway (Fig. 1). In addition, cataclastic 
and mylonitized gabbro outcrops oû the southern 
shore of Lake Sitasjaure, probably occurring in a 
window (here referred to as the Sitasjaure Window). 
This may be a southern extension of the Rom-
bak-Sjangeli Window. 
Sedimentary cover, Dividal Group 
Sedimentary rocks of Vendian and Cambrian age 
occur beneath the Caledonian thrust front, depo­
sited with marked unconformity on the Precambrian 
crystalline rocks of the Sjöfall 'series'. They are 
referred to here as the Dividal Group (Dividal-
gruppen, Pettersen 1878). Use of alternative names 
such as 'Hyolithus zone' and 'Hyolithus series' 
(Svenonius 1900; Kautsky 1953; Kulling 1964) is 
not recommended (cf. F0yn 1967). 
Kulling (1964), F0yn (1967), and Thelander 
(1982) have provided detailed descriptions of the 
Dividal Group in the northern Scandinavian 
Caledonides. Beneath the thrust front northwest of 
Stora Sjöfallet, the Dividal Group begins with white 
quartzite, often with a basal conglomerate or sedi­
mentary breccia resting on the basement. Above fol­
lows grey shales and quartzites and finally a black 
shale. The latter can be correlated with the Cam­
brian Alum Shale Formation of Kulling (1964), 
occurring regionally along the Caledonian front. No 
fossils have been found in the Stora Sjöfallet area. 
However, the formation is well dated by fossils in 
areas further to the south where it spans the Middle 
and Upper Cambrian (Bergström 1980). 
The Alum Shale Formation in southern and cen­
tral Sweden is well known for its exceptionally high 
radioactivity, particularly in the upper part (Gee 
1980; Andersson, Dahlman and Gee 1983). Inves­
tigation of the radioactivity of the black shales and 
graphitic phyllites in the Akkajaure area has iden­
tified some anomalous units. A strongly tectonized, 
one metre thick, black shale occurs in an autochthon­
ous position under the sole thrust of the Lower 
Thrust Complex in Pardnejokk, a stream north of 
Stora Sjöfallet. Measurements in the field of the 
gamma radiation of this unit with a Scintrex BGS--4 
instrument gave relatively low values (17-25 ^R/h). 
However, a 2-3 m thick zone higher upstream in a 
graphitic phyllite, at least 120 m in thickness, 
belonging to the Lower Thrust Complex, gave values 
up to 60 /zR/h. In a tunnel northwest of Stora Sjöfal­
let, graphitic phyllites in the same tectonic position 
gave values up to 300 ^R/h. The stratigraphie con­
trol and the radioactivity values suggest that the 
autochthonous sediments of the Dividal Group only 
reach up to the Middle Cambrian, and that the 
Upper Cambrian strata are now only found in the 
allochthon. 
A very similar sedimentary sequence, resting on 
the Precambrian basement in the Rombak and Tys­
fjord Windows has been correlated (F. Kautsky and 
Tegengren 1952; G. Kautsky 1953; Kulling 1964) 
with the Dividal Group. In the northern part of the 
Tysfjord Window (Fig. 2), this rock sequence is dis­
turbed and cut by thrust planes and consequently 
treated as part of the Lower Thrust Complex. How­
ever, the basal white orthoquartzite is locally found 
with primary contact on the Tysfjord granite. Simi­
larly, only restricted patches of basal conglomerate, 
basal sedimentary breccia, and white quartzite 
remain with primary contacts in the Akkajaure and 
the Autajaure Windows (Fig. 3). 
Lower Allochthon, Lower Thrust Complex 
The Lower Thrust Complex constitutes an imbricate 
thrust complex, translated on a sole thrust over the 
Dividal Group and the Precambrian basement; loc­
ally it res ts directly on the latter. The roof thrust of 
the Lower Thrust Complex is the Akkajaure Thrust 
(Fig. 4). The complex consists of thrust sheets of 
stratigraphically dismembered sedimentary rocks, 
considered to be derived from the Dividal Group, 
together with Precambrian crystalline rocks, such as 
gabbros, granites, and porphyries. Subordinate, dark 
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arkoses occur in this complex in the Autajaure Win­
dow, where a minor unit of calcareous phyllite is also 
found. Yellow-weathering dolomite appears in the 
Lower Thrust Complex as tectonic lenses in the 
graphitic phvllites in Pardnejokk. Sheets and lenses 
of dolomite also occur folded together with grey 
phyllites and quartzites in a small klippe of the 
Lower Thrust Complex on Kanisvaratj, northwest of 
Stora Sjöfallet. This dolomite has not been found in 
the autochthon or the parautochthon. 
Middle Allochthon, Akkajaure Nappe 
Complex 
The Middle Allochthon in the Akkajaure area is a 
complex of thrust sheets, mainly consisting of Pre­
cambrian crystalline rocks (Fig. 1). They are refer­
red to here as the Akkajaure Nappe Complex. 
Detailed mapping was carried out in the area north 
and west of Lake Akkajaure on the scale 1:20 000 
(locally 1:10 000). In addition, a 19 km long head­
race tunnel from Sitasjaure to Akkajaure, con­
structed by the Swedish State's Power Board, was 
mapped at a scale of 1:400 (Fig. 3). 
Within the Akkajaure Nappe Complex, six 
thrust-sheets have been identified, each composed of 
Precambrian gneissic granitoids overlain by a thin 
sedimentary veneer. For convenience they have 
been numbered 1 to 6 from top downwards. The 
basal thrust to each sheet has been given the same 
number as the overlying thrust-sheet. This particular 
numbering can be applied with confidence only in 
the area of deta iled mapping (Figs 2 and 3). This is 
demonstrated by the rapid northward thinning of the 
Akkajaure Nappe Complex and eventual disappear­
ance of the internal thrust-sheets east and north of 
Lake Autajaure. 
The Akkajaure Nappe Complex is conspicuously 
dominated by gneissic granites. Granodiorites are 
subordinate and diorites and gabbros are little rep­
resented. The granites are cut by basic alkaline 
dykes (author's unpublished data), which have a 
well-preserved coarse to very coarse plagioclase 
porphyritic texture in the eastern part of the 
traverse. Locally, plagioclase xenocrysts may reach 
over 2 dm in diameter. Westwards, with inc reasing 
Caledonian tectonization, the dykes are retrograded 
to K-rich biotite-chlorite schists. The undeformed 
textures show great similarities to those reported for 
the alkaline porphyrites of the Gardar dyke swarm 
intruded into Precambrian gneisses in southern 
Greenland (Bridgewater and Harry 1968; Watt 
1968; Emelius and Upton 1976). 
The granitoids of t he lowermost two thrust-sheets 
(5 and 6) are overlain by porphyries and porphyry-
bearing conglomerates in several separate localities. 
These volcanic and volcaniclastic rocks are very simi­
lar to those of the Sjöfall 'series' (F. Witschard, 
Swedish Geological Survey, personal communica­
tion). Grey and greyish red arkoses occur on the 
granitoids of thrust-sheets 1, 4, and 5. No contact 
between the arkoses and the porphyries and 
porphyry-bearing conglomerates is exposed within 
the traverse. 
Younger quartzites, phyllites, and subordinate 
graphitic phyllites overlie porphyries, porphyry-
conglomerates and granites in the eastern part of 
thrust sheet 6. At a location where these rocks are 
inverted, the younger sediments are little deformed, 
showing primary contacts with the granites. 
Svenonius (1900) and Kautsky (1953) described a 
local part of this sedimentary cover and referred to it 
as the 'Karnila-zone'. They considered these 
younger sediments to be of 'Hyolithus-zone type' 
(i.e. Dividal Group). This view is s upported by the 
presence of the anomalously radioactive graphitic 
phyllite, referred to above, in the continuation of the 
'Karnila-zone' further east. No calcareous sediments 
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have been found on this eastern part of thrust-sheet 
6. However, calcareous phyllite and micaceous mar­
ble characterize the same tectonostratigraphic level 
w hi l e  g raph i t i c  phy l l i t e  i s  absen t  i n  th rus t  shee t s  2 , 3 ,  
4, 5, and the western part of thrust sheet 6 (Figs 4, 
8). No calcareous sediments were distinguished on 
thrust-sheet 1. 
Upper Allochthon, Seve-Köli Nappe 
Complex 
The Seve-Köli Nappe Complex is thrust over the 
Akkajaure Nappe Complex, on the basal Seve-Köli 
Thrust. South of the Akkajaure area, Kautsky 
(1946, 1947, 1953) demonstrated that the 
Seve-Köli Nappe Complex can be mapped to the 
Norwegian coast and he therefore inferred that it 
was derived from west of Lofoten, a distance of at 
least 250 km. This view was supported by Oftedahl 
(1966) and Gustavson (1966,1974), and is also fully 
consistent with the far-thrust nature of the under­
lying Akkajaure Nappe Complex reported here. 
The present author only surveyed the lowermost 
parts of the Seve-Köli Nappe Complex. The lower 
units, composing the Seve, consist of garnet-
amphibolites interlayered with subordinate gar­
net-mica schists. The Seve rocks wedge out west­
wards in the vicinity of eastern Autajaure (Fig. 3). 
Here, the overlying Köli rocks come into tectonic 
contact with the underlying Akkajaure Nappe Com­
plex. The Köli is dominated by mica schists with or 
without garnets; however, the lowest part frequently 
consists of calcareous mica-schists, marbles, and 
minor amphibolites. 
Thrusts and Duplexes 
Seve-Köli Thrust 
The basal thrust of the Seve-Köli Nappe Complex 
referred to here as the Seve-Köli Thrust, is easily 
distinguished by the penological and metamorphic 
differences between the Seve-Köli Nappe Complex 
and the underlying Akkajaure Nappe Complex. The 
latter, directly below the thrust, is intensely myloni-
tked and folded. The overlying amphibolites of the 
Seve are also mylonitized, while the incompetent 
schists and marbles of the Köli may appear less 
deformed. However, the regional foliation of the 
Köli schists is transposed, often giving a tectonic 
banding in this contact zone. This is commonly 
accompanied by small, tight to isoclinal folds. 
Whereas the Seve-Köli thrust constitutes a marked 
metamorphic break between the amphibolite fades 
of the Seve to the underlying greenschist fades of 
the Akkajaure Nappe Complex, the difference in 
grade between the latter and the Köli is less pro­
nounced. However, although garnets and 
amphiboles of the Köli rocks may be retrograded in 
varying degrees, in Sweden, the distinction is always 
clear between the Köli rocks and the rocks of the 
Akkajaure Nappe Complex, the latter carrying no 
garnets whatsoever. In Norway, further west, pre- to , 
syn-thrust Mn-rich garnets occur locally, but not 
generally, in the mylonites and mica-schists of both 
the Lower Thrust Complex and the Akkajaure 
Nappe Complex. 
Major thrusts of the Akkajaure Nappe Complex 
As mentioned earlier, the six individual thrust-sheets 
identified in the Akkajaure Nappe Complex were 
mapped from Sweden westwards into Norway, by 
following their respective cover rocks. However, the 
Akkajaure Nappe Complex is generally more 
deformed in Norway than in Sweden and the sedi­
mentary key-horizons there are thin and folded. In 
zones of high attenuation the sedimentary rocks are 
absent and only the mylonitization along the thrusts 
is identifiable. This made individual identification of 
the thrust-sheets very difficult on the Norwegian side 
of the border. However, the basal thrust of the 
Akkajaure Nappe Complex, the Akkajaure Thrust, 
was easily mapped all the way to the west coast of 
Norway (Fig. 2). This structural continuity of the 
internal thrusts and the Akkajaure Thrust implies 
that the entire Akkajaure Nappe Complex was 
derived from west of the present Norwegian main­
land. Each of the six thrust sheets are very thin com­
pared to their areal development and particularly 
their E-W dimensions (Fig. 2). The two lower and 
least deformed thrust-sheets give an estimated mean 
sheet thickness E-W dimension ratio in the middle 
of the traverse of 1:1200; however, with increasing 
deformation westwards all sheets are even thinner 
towards, and in, Norway. The marked thinness, even 
of the lower thrust-sheets with relatively low internal 
deformation, in conjunction with the subparallel 
orientation of the basal thrusts and sedimentary 
cover of the sheets, indicates that the individual 
thrust-sheets of the Akkajaure Nappe Complex 
were detached along surfaces approximately parallel 
to the sedimentary bedding, i.e. essentially horizon­
tally. 
Duplexes 
The imbrication structures occurring in the Akka­
jaure Nappe Complex and the Lower Thrust Com­
plex involve an imbricate stacking up of minor thrust 
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sheets between two major thrusts; an overlying 
roof thrust and an underlying floor thrust. A duplica­
tion of the original stratigraphy in the imbrication 
structures occurs with repetition of older Pre-
cambrian crystalline rocks on younger sedimentary 
rocks. Thus, in a broad sense, the term duplex (cf. 
Dahlstrom 1970; Elliot and Johnson 1980) may be 
applied for these structures. 
Duplexes in the Akkajaure Nappe Complex 
Duplexes are developed as lensoid thickenings on 
thrust sheets 4, 5, and 6 (Fig. 4), with exposed 
dimensions in the order of 5 to 15 km horizontally 
and up to 200 m vertically. They consist of minor 
sheets of Precambrian granitoids, porphyries, and 
porphyry conglomerates, and stratigraphically dis­
membered younger phyllites and quartzites. The 
imbricate sheets are almost parallel to the floor and 
roof thrusts, and the existence of imbrication is only 
appreciated when considered on a regional scale. 
The sedimentary rocks of the Akkajaure Nappe 
Complex are extensively deformed and partly 
mylonitized, and their internal stratigraphy is only 
inferred for the easternmost part of thrust-sheet 6. 
Consequently, no attempt to estimate the amount of 
structural thickening and shortening is made here 
(cf. Dahlstrom 1970; Elliott and Johnson 1980). 
Duplexes in the Lower Thrust Complex 
The thickness of the Lower Thrust Complex varies 
greatly even within the same window. The complex 
may even be completely cut out as in the area south­
west of the Autajaure Window (Fig. 3). This indi­
cates that the Lower Thrust Complex is not structur­
ally continuous but, rather, consists of duplexes with 
restricted lateral dimensions, comparable to the dup­
lexes of the Akkajaure Nappe Complex. The re­
gional dip of the imbricate sheets is towards the 
west-northwest and the individual imbricated sheets 
of the Lower Thrust Complex are cut out towards 
the east-southeast by the roof thrust, i.e. the Akka­
jaure Thrust (Fig. 3). 
The maximum angle between an imbricate sheet 
and the roof thrust is here referred to as the imbrica­
tion angle (Fig. 5). A mean imbrication angle of 70° 
(Fig. 5) is given by Kulling (1964, p. 68-70) for the 
beautifully exposed imbricate sheets in the vertical 
valley-side of the Kerkau mountains in the thrust 
front, south of Akkajaure. His section of the Kerkau 
duplex is the only one in the traverse where a re­
peated sedimentary stratigraphy is recognized. North 
of Akkajaure, the lesser degree of exposure renders 
an estimation of the imbrication angle less certain. 
However, available data suggest a mean imbrication 
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Lower Thrust Complex from the thrust front, the central 
part and the western part of the Tysfjord-Akkajaure 
traverse. <j> = imbrication angle, maximum angle between 
Akkajaure Thrust and imbricate sheet 
angle of c. 40-50°. This angle is less than in the 
Kerkau duplex, but still higher than in the Akka­
jaure and Autajaure Windows further west. 
The mean imbrication angle in the Akkajaure 
and Autajaure Windows is consistently 20° (Fig. 5). 
Directly under the Akkajaure Thrust, the rocks are 
highly strained with strong foliation developed paral­
lel to the thrust in phyllites and mylonitization of the 
more competent rocks such as granites, porphyries, 
and quartzites. The imbricate sheets, in these zones 
of high st rain, are rotated into conformity with the 
roof thrust (Akkajaure Thrust) and, similarly, to the 
floor thrust (Sole Thrust) (Fig. 5). 
Further west, along the northern edge of th e Tys­
fjord Window, the individual sheets of the Lower 
Thrust Complex are parallel or subparallel to the 
Sole Thrust and the Akkajaure Thrust (Fig. 5); 
mylonitization and an intense penetrative foliation 
occur generally, throughout the complex. The same 
correlation between high strain of the rocks and low 
imbrication angle is also observed in the duplexes of 
the Akkajaure Nappe Complex. This correlation 
suggests a sequence of tectonic development in two 
main steps. 
1. Development of a duplex: moderate to high 
imbrication angles, relatively little deformation 
with the sedimentary stratigraphy still recogniz­
able, little deformation under the roof thrust with 
frequent occurrence of highly discordant contacts 
between the imbrication thrust and the roof 
thrust (cf. duplexes of the thrust front). 
2. Continued movement of the thrust sheet over the 
duplex: increasing shear strains below the roof 
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and over the floor thrusts of the duplex, accom­
panied by the development of mylonites and a 
strong schistosity in rocks of the sheared zones. 
Imbrication thrusts are rotated into conformity 
with the roof and floor thrusts and consequently 
there is less variation in imbrication angles within 
a particular duplex (cf. Akkajaure and Tysfjord 
Window; Fig. 5, and duplexes of Akkajaure 
Nappe Complex). 
Sole Thrust 
The thrust at the base of the Lower Thrust Complex, 
the Sole Thrust, is exposed in the thrust front north 
of Stora Sjöfallet and further west via the windows 
of the traverse to the west coast of Norway. In the 
granites of the Tysfjord, Autajaure, and Akkajaure 
Windows, the mylonitic foliation decreases down­
wards and is generally not discernible some tens of 
metres below the Sole Thrust. Locally, the zone of 
strong mylonitization varies in thickness from a few 
centimetres to ten or twenty metres. The Sole 
Thrust in the windows is parallel to the regionally 
continuous thrust sheets 5 and 6 of the Akkajaure 
Nappe Complex (Fig. 2). The order of appearance of 
the tectonic units above the Sole Thrust is always the 
same—the Lower Thrust Complex, the Akkajaure 
Nappe Complex, and the Seve-Köli Nappe Com­
plex. However, the first two of these tectonic units 
are locally absent as in the northern part of the 
Autajaure Window (Fig. 3), where the Sole Thrust, 
the Akkajaure Thrust, and the Seve-Köli Thrust 
converge and unite. Although the basement in some 
of the windows underlying the Lower Thrust Com­
plex is deeply eroded and very well exposed, as in 
the fjords dissecting the Tysfjord Window, no other 
thrust has been observed below the Sole Thrust. 
Thus, all the evidence indicates that the Sole Thrust 
is the deepest regional thrust surface and that it is 
continuous from the thrust front in the east to Tys­
fjord in the west, a distance of 120 km. 
L-S and L-fabrics 
The allochthonous units and the upper, deformed 
part of the parautochthon/autochthon have a more 
or less well developed penetrative foliation parallel 
to the thrusts combined with a stretching lineation 
oriented WNW-ESE. Semiquantitative estimates of 
strain in three sections through the Akkajaure 
Nappe Complex show a general increase of internal 
(away from thrust contacts) penetrative strain west­
wards in each individual thrust-sheet. The eastern­
most parts of thrust-sheets 5 and 6 (i.e. in Nieras) 
have little or no such strain. The structurally higher 
sheets are more strained than the lower sheets (Fig. 
6). However, the greatest strain is always found near 
the thrusts in the form of mylonites. Seventeen 
samples of augen-gneissic granites from the least 
strained interior parts of thrust-sheets 4, 5, and 6 be­
tween Stuor Seukok and west of Nieras were cut 
parallel to the principal planes of strain. Between 6 
to 20 measurements of the dimensions of quartz-
feldspar aggregates were made on each of these sur­
faces. From these measurements the mean axial 
ratios z/y and y/x were calculated (Fig. 7) for a mean 
strain ellipsoid. The stretching represented by the 
z- axis of the strain ellipsoid, compared to the diam­
eter of a sphere with the same volume, was calculated. 
Values of stretching vary between 1.4 and 8.1 times 
the assumed, original diameter. Based on the 
lowest values of stretching, around twice the origi­
nal, a minimum estimate of the internal stretching 
strains suffered by the thrust sheets is discussed 
further below. 
Discussion and Conclusions 
The youngest rocks recognized in the sedimentary 
cover of the basement, the Lower Nappe Complex 
and the Akkajaure Nappe Complex, are radioactive 
black shales or phyllites of inferred Cambrian age. 
Thus the thrusting was of Ordovician or younger age 
and may have been Finnmarkian (Sturt, Pringle and 
Ramsay 1978) or Scandian (Gee and Zachrisson 
1979), or possibly both. 
The penetrative WNW-ESE stretching lineation in 
the interior of the thrust-sheets as well as in the 
mylonites related to the basal sole thrust and to the 
thrusts in the Lower Nappe Complex and the 
Akkajaure Nappe Complex implies stretching and 
translation of the thrust-sheets towards the east-
southeast, a direction that is perpendicular to the 
thrust front. The westward decrease of the imbrica­
tion angle, the rotation of the individual sheets and 
the westward increase of strain in the Lower Thrust 
Complex, are all interpreted to be an effect of the 
ESE-translation of the Akkajaure Nappe Complex 
over the Lower Thrust Complex. 
The presence of younger sediments on the Pre-
cambrian crystalline rocks over the entire area of 
development of each thrust-sheet of the Akkajaure 
Nappe Complex implies a pre-thrust reassembly as 
shown in Fig. 8. The presence of sediments corre­
lated with the Dividal Group beneath the Akkajaure 
Thrust at Tysfjord implies that thrust-sheet 6 was 
derived from west of Tysfjord and that its eastern­
most edge moved at least 120 km to Stora Sjöfallet 
in Sweden. The present total length of the six thrust-
sheets measured along their floor thrusts in the 
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Fig. 7 Plot in Flinn-diagram of mean axial ratios of calcu­
lated mean strain ellipsoids for seventeen samples of 
augen-gneissic granitoids. Samples are taken from the 
least strained parts of thrust-sheets 4, 5, and 6, between 
Stuor Seukok and west of Nieras 
thrust direction is at least 580 km. This distance 
must be corrected for the stretching of the thrust-
sheets during thrusting, to estimate their original 
dimensions and the location of t heir respective root 
zones. 
The penetrative strain in conjunction with the 
regular continuous, rather than discontinuous, 
decrease of strain perpendicular to the thrusts 
towards the interiors of the thrust-sheets, is sugges­
tive of a pure shear rather than simple shear mechan­
ism. By contrast, the mylonite zones related to the 
thrusts show abrupt discontinuous changes of s train 
on both macro- and microscale when examined per­
pendicular to the thrust planes and the main schistos-
ity. This suggests a laminar flow parallel to the 
thrusts indicating that the mylonite zones deformed 
mainly by simple shear. This is also made probable 
by the evidence above for a minimum translation of 
120 km on the Akkajaure Thrust. 
The values of stretching measured on quartz-
feldspar aggregates, from the least strained interior 
parts of the least strained lowest thrust-sheets, 
exceed c. 200% of the assumed original dimensions. 
If the strain of these mineral aggregates is taken to 
reflect the amount of strain in the interior of the 
thrust-sheets, then a minimum, bodily stretching of 
the latter to twice their original WNW-ESE dimen­
sions would be suggested. Such an estimate reduces 
the 580 km to an original maximum of 300 km. 
An early large-scale recumbent folding of the 
thrusts 4 and 5 (Figs 2, 6) has not affected thrust 6, 
although the upper parts of thrust-sheets 5 and 6, 
respectively, are affected. Consequently, while 
movement was possible on thrust 6, the former 
thrusts must have been locked. This evidence indi­
cates a successive stacking and transport of the 
thrust-sheets, piggy-back style, towards the thrust 
front (Fig. 8)-. Such a model offers a simple explana­
tion for, firstly, the upward increase in strain in the 
stack of thrust-sheets composing the Akkajaure 
Nappe Complex and the non-strained state of the 
interior easternmost part of t hrust-sheet 6 and, sec­
ondly, the geometrical and lithological similarities 
between the duplexes of thrust-sheets 4, 5, 6 and the 
Lower Thrust Complex. The duplexes of the 
Akkajaure Nappe Complex would then be the tec­
tonic equivalents of those of the Lower Thrust Com­
plex. The thrusts 3, 4, and 5 would be the 'fossil' 
equivalents of the later Akkajaure Thrust (thrust 6) 
(Figs 4 und 8). 
The Akkajaure Nappe Complex and higher tec­
tonic units can be traced northwards on Norwegian 
maps (Gustavson 1974; Foslie 1941, 1942) to t he 
westernmost exposures of Caledonian nappes on 
Hinn0y (eastern Lofoten). Here the regional dip of 
the nappes is eastwards, 'away' from Lofoten (Gus-
tavson 1974) i.e. the Caledonian nappes overrode 
the basement of the Lofoten islands. Evidence of the 
influence of Caledonian metamorphism on the 
basement rocks of Lofoten is limited (Heier and 
Compston 1969; Romey 1971; Griffin and Taylor 
1978). However, from the extreme western side of 
the Lofoten islands (Vaer0y), Griffin and Taylor 
(1978) reported the presence of a west-dipping 
thrust unit with close petrological and structural 
similarities to the nappes beneath the schist- and 
w 
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— — incipient "new"sote thrust Group p = porpnyry J 
Fig. 8 Restored tectonic sketch profile of the Akkajaure Nappe Complex, showing the successive eastward shearing-off 
of thrust sheets. Note the indicated propagation of a 'new' sole thrust under the 'old' ramped up sole thrust 
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marble-bearing allochthon of eastern Lofoten and 
the Tysfjord-Hammar0y region. During a visit to 
Vaer0y, the present author found several distinct 
light-coloured arkoses up to 50 m thick, interlayered 
with the gneisses and granitoids of this tectonic unit. 
These arkoses are very similar in appearance to 
those of the Akkajaure Nappe Complex. Thus, a 
repetition of crystalline basement and sedimentary 
cover is found in the thrust-sheets of western Vaer0y 
as well as in the Akkajaure Nappe Complex. 
Considering the structural, lithological, and 
metamorphic relations between the correlatives of 
the Akkajaure Nappe Complex east of Lofoten and 
the basement exposed in the Lofoten area, it is un­
likely that the Akkajaure Nappe Complex was 
derived from the Lofoten basement. This implies 
that the latter complex was transported from west of 
Lofoten and thrust along a sole thrust extending at 
least 290 km from Vaer0y, ea st-southeast to Stora 
Sjöfallet. Consequently, an estimate of 300 km for 
the original WNW-ESE dimension- of the 
Akkajaure Nappe Complex, indicates a transport 
distance in the order of 600 km for thrust sheet 1, 
the most westerly derived sheet, to its present posi­
tion. 
Acknowledgements 
I wish to thank Roland Gorbatschev (Lund), 
Thomas Lundqvist (Uppsala) and anonymous 
referees for critically reading early drafts of the 
manuscript. Special thanks are due to David G. Gee 
who suggested valuable improvements to the manu­
script and corrected my Swedish English. Fieldwork 
was supported by the Swedish Geological Survey. 
Special studies of strain in granites and porphyry 
conglomerates, chemistry of alkaline porphyrites, 
and radioactivity measurements were supported by 
grants from the Swedish Natural Science Research 
Council. 
References 
Anderson, A., Dahlman, B. and Gee, D. G. 1983. 
Kerogen and uranium resources in the Cambrian Alum 
Shales of the Billingen, Falbygden and Närke areas, 
Sweden. Geol. Fören. Stockholm Förh., 104, 197-292. 
Asklund, B. 1953. Till frågan om Sjöfallssedimentens och 
Ledfatsområdets ställning. Geol. Fören. Stockh. 
Förh., 75, 517-520. 
Bergström, J. 1980, Middle and Upper Cambrian bio-
stratigraphy and sedimentation in south central Jämt­
land, Sweden. Geol. Fören. Stockh. Förh., 102, 
373-376. 
Björklund, L. 1979. Allochtant basement skållkomplex 
under Seve-Löli Skållkomplex, i profilen Lofo­
ten-Akkajaure, norra Skandinavien. Abstract, 14. Nor­
diske Geologisk Vinterm0te 1980, Geologyntt, 13, 9. 
Björklund, L. 1980. The Akkajaure Nappe Complex, 
northern Scandinavia. Terra cognita, 1, 35. 
Bridge water, D. and Harry, W. T. 1968. Anorthosite 
xenoliths and plagioclase megacrysts in Precambrian 
intrusions of South Greenland. Gr0nlands geol. Unders., 
77, 1-243. 
Dahlstrom, C. D. A. 1970. Structural geology in the east­
ern margin of the Canadian Rocky Mountains. Bull. Can. 
Petrol, geol., 18, 332-406. 
Emelius, C. H. and Upton, B. G. J. 1976. The Gardar 
period in the southern Greenland. In Esher, A. and 
Watt, W. S. (Eds), Geology of Greenland, 153-181. 
Elliot, D. and Johnson, M. R. W. 1980. Structural evolu­
tion in the northern part of the Moine thrust belt, NW 
Scotland. Trans. Roy. Soc. Edin., Eart Sciences, 71, 
69-96. 
Foslie, S. 1941. Tysfjords geologi. Beskrivelse till det 
geologiska gradteigskart Tysfjord. Norges geol Unders., 
149, 298 pp. 
Foslie, S. 1942. Hellemobotn og Linnajavvre. Geologisk 
beskrivelse till kartbladene. Norges geol Unders., 150, 
119 pp. 
F0yn, S. 1967. Dividal-gruppen ("Hyolithus-sonen") i 
Finnmark og dens forhold till de eokambrisk-kam-
briske formasjoner. Norges geol. Unders., 249, 1-84. 
Gavelin, S. 1953. Om jämförelsen mellan Sjöfallssedimen­
ten och Ledfatsområdets sedimentbergarter. Geol. 
Fören. Stockh. Förh., 75, 407-410. 
Gee, D. G. 1980. Basement-cover relationships in the 
central Scandinavian Caledonides. Geol. Fören. Stockh. 
Förh., 102, 455-474. 
Gee, D. G. and Zachrisson, E. 1979. The Caledonides in 
Sweden. Sver. geol. Unders., C 769, 48 pp. 
Griffin, W. L. and Taylor, P. N. 1978. Geology and age 
relations on Vaer0y, Lofoten, North Norway. Norges 
geol. Unders., 338, 71-82. 
Gustavson, M. 1966. The Caledonian mountain chain of 
the Southern Troms and Ofoten area. Part I. Basement 
rocks and Caledonian metasediments. Norges geol. 
Unders., 239, 162 pp. 
Gustavson, M. 1974. Beskrivelse til geologisk kart over 
Norge 1:250 000, Narvik. Norges geol. Unders., Berg­
grundskart 1:250 000, Narvik. 
Heier, K. S. and Compston, W. 1969. Interpretation of 
Rb-Sr age patterns in high-grade metamorphic rocks, 
North Norway. Norsk geol. Tidsskr., 49, 257-283. 
Holtedahl, O. (Ed.) 1960. Geology of Norway. Norges geol 
Unders., 208, 540 pp. 
Högbom, A. G. 1897. In Petterson, V. (Ed.), Om de 
geologiska förhållandena i trakten omkring Sjangeli. 
Commentary. Geol. Fören. Stockh. Förh., 19, 18. 
Kautsky, F. and Tegengren, F. R. 1952. Die Geologie der 
Umgebung des Tuoddarjaure am Südrande des Sjangeli 
fensters. Geol. Fören. Stockh. Förh., 74, 455-474. 
Kautsky, G. 1946. Neue Gesichstpumkte zu einigen 
nordskandinavischen Gebirgsproblemen. Geol. Fören. 
Stockh. Förh., 68, 589-602. 
Kautsky, G. 1947. Neue Gesichtspunkte zu einigen nord­
skandinavischen Gebirgsproblemen. Zusatz. Geol. 
Fören. Stockh. Förh., 69, 108-110. 
Kautsky, G. 1953. Der geologische Bau des 
Sulitelma-Salojauregebietes in den nord­
skandinavischen Kaledonien. Sver. geol. Unders., C 528, 
228 pp. 
528 THE CALEDONIDE OROGEN—SCANDINAVIA AND RELATED AREAS 
Kalling, O. 1964. Översikt över norra Norrbottensfjällens 
Kaledonberggrund. Sver. geol. Unders., Ba 19, 166 pp. 
Kulling, O. 1982. Översikt över södra Norrbottenfjällens 
Kaledonberggrund. Sver. geol. Unders., Ba 26, 295 pp. 
Lundqvist, T. 1979. The Precambrian of Sweden. Sver. 
geol. Unders., C 768, 87 pp. 
Ödman, O. H. 1947. Manganese mineralizations in the 
Ultevis district, Jokkmokk, north Sweden. Sver. geol. 
Unders., C 487, 92 pp. 
Ödman, O. H. 1957. Beskrivning till berggrundskarta över 
urberget i Norrbottens län. Sver. geol. Unders., Ca41, 
151 pp. 
Oftedahl, C. 1966. Note on the main Caledonian thrusting 
in northern Scandinavia. Norsk geol. Tidsskr., 46, 
237-244. 
Pettersen, L. 1878. Det nordlige Sveriges og Norges 
geologi. Archiv Math. Natur., 3, 1-38. 
Petterson, W. 1897. Om de geologiska förhållandena i 
trakten omkring Sjangeli Kopparmalmsfält i Norrbot­
tens län. Geol. Fören. Stockh. Förh., 19, 296-306. 
Romey, W. D. 1971. Basic igneous complex, mangerite, 
and high grade gneisses of F lakstad0y, Lofoten, North-
em Norway: I. Field relations and speculations on 
origins. Norsk geol. Tidsskr., 51, 33-61. 
Sturt, B. A., Pringle, I. R. and Ramsay, D. M. 1978. The 
Finnmarkian phase of the Caledonian orogeny. /. geol. 
Soc. London, 135, 597-610. 
Svenonius, F. 1900. Öfversikt af Stora Sjöfallets och 
angränsande fjälltrakters geologi. II. Berggrunden. 
Geol. Fören. Stockh. Förh., 22, 273-322. 
Thelander, T. 1982. The Torneträsk Formation of the 
Dividal Group, northern Swedish Caledonides. Sver. 
geol. Unders., C 789, 41 pp. 
Törnebohm, A. E. 1888. Om fjällproblemet. Geol. Fören. 
Stockh. Förh., 10, 328-336. 
Törnebohm, A. E. 1893. Försök till en tolkning av det 
nordligaste Skandinaviens fjällgeologi. Geol. Fören. 
Stockh. Förh., 15,. 81-94. 
Watt, W. S. 1968. Petrology and geology of the Precam­
brian Gardar dykes on Qaersuarssuk, south Greenland 
Grönlands geol. Unders., 14, 1-50. 
Zachrisson, E. 1969. Caledonian Geology of Northern 
Jämtland-Southern Västerbotten. Sver. geol. Unders., 
C 644, 33 pp. 
Zachrisson, E. 1973. The westerly extension of Seve rocks 
within the Seve-Köli Nappe Complex in the Scandina­
vian Caledonides. Geol. Fören. Stockholm Förh., 95, 
243-251. 
• ' • 
: „'S-
•i rK 
S ; ||fPi§Äjt: ® ii¥M. 
Basement-cover relationships and regional correlations 
of th e Caledonian nappes, eastern Hinn0y, N. Norway 
LENNART J. O. BJÖRKLUND 
Björklund, L. J. O.: Basement-cover relationships and regional correlations of the Caledonian nappes, 
eastern Hinnay, N. Norway. Norsk Geologisk Tidsskrift, Vol. 67, pp. 3-14. Oslo 1987. ISSN 0029-196X, 
The westernmost outcrops of Caledonian nappes on eastern Hinnöy, Lofoten-Vesterålen, are correlated 
with the Lower, Middle and Upper Allochthons. Below the Caledonian allochthon in the Storvatn 
area, Hinn0y, autochthonous/parautochthonous conglomerates and quartzites rest on a basement of 
Precambrian granites. These metasediments are correlated with the Vendian to Cambrian Torneträsk 
Formation occurring along the Caledonian Front and around tectonic windows. In the Storvatn area, the 
basement with its sedimentary cover is overlain by the allochthonous L-M Complex correlated with the 
Lower and the Middle Allochthons. The L-M Complex consists of a series of nappes; the lower ones 
consist of thrust together sheets of granite, amphibolite facies and greenschist facies lithologies, and the 
upper ones of sheets of granite covered by greenschist facies quartzites and micaschists. The latter 
allochthonous quartzites and micaschists are suggested to be western correlatives of the Torneträsk 
Formation. A metamorphic and structural discontinuity related to a major thrust separates the amphibolite 
facies schists, amphibolites and marbles of the Upper Complex from the L-M Complex. The Upper 
Complex is correlated with the Upper Allochthon. Structural relations imply a translation of Caledonian 
nappes across the Lofoten-Vesterålen basement by a process of thin-skin tectonics involving the uppermost 
basement and its sedimentary cover. 
Lennart J. O. Björklund, Department of Geology, Chalmers University of Technology and University of 
Gothenburg, S-412 96 Gothenburg, Sweden. 
In the Akkajaure-Tysfjord-Torneträsk-Ofoten 
area of the northern Scandinavian Caledonides, 
late Vendian to Cambrian Dividal Group meta­
sediments occur in t he Caledonian front autoch­
thon; they can also be recognized westwards, 
in the Rombak/Sjangeli Window, the Tysfjord 
Culmination and several other smaller windows, 
as well as west of th e Ofoten synform on eastern 
Hinn0y (Fig. 1). Thrust over these autoch­
thonous/parautochthonous metasedimentary 
rocks and the underlying Precambrian crystal­
line basement are a variety of nappes referred to 
as the Lower, Middle, Upper and Uppermost 
Allochthons (Gee & Zachrisson 1979), most 
of which were derived from west of Hinn0y 
(Björklund 1985). 
Thelander (1982)-proposed a subdivision of the 
Dividal Group (Pettersen 1887; F0yn 1967) in 
northern Norrbotten, into the late Vendian tö 
Middle Cambrian Torneträsk Formation and the 
Middle to Upper Cambrian Alum Shale For­
mation (Kulling 1964; Gee 1980; Andersson et al. 
1985). The Torneträsk Formation begins with a 
basal conglomerate and sandstone overlain by a 
sandy to shaly siltstone of late Vendian age (Vidal 
1979) followed by a succession of Cambrian 
shales, siltstones and sandstones (Kulling 1964; 
Vogt 1967; Föyn 1967; Thelander 1982). The 
thickest and most complete sequences of autoch­
thonous rocks of the Torne träsk and the Alum 
Shale Formations are found along the Caledonian 
front. Westwards, the sole thrust of the allochthon 
cuts deeper levels of the Torneträsk Formation. 
Thus, the eastern side of the Rombak/Sjangeli 
Window (Fig. 1) is bordered by a basal con­
glomerate and quartzite (Kautsky & Tegengren 
1952; Kulling 1964; Brown & Wells 1966), which 
are only found locally along the western margin 
of the window (Gustavson 1974a). Further to the 
southwest, along the northeastern margin of t he 
Tysfjord Culmination (Fig. 1), only some very 
restricted occurrences of an autochthonous basal 
quartzite occur (Björklund 1985). No autoch­
thonous cover has been recorded in coastal win­
dows (Gustavson 1978) or elsewhere along the 
Norwegian coast between Tysfjord and Hinn0y. 
However, on eastern Hinn0y, the area of concern 
in this paper, basal units of the Torneträsk For­
mation reappear beneath the Caledonian nappes 
in the western limb of the Ofoten Synform (Fig. 
1). There, a basal sequence of conglomerate and 
quartzite with well preserved primary structures 
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rests unconformably on Precambrian granites 
(Gustavson 1974c), Thus, the presence of a thin 
sedimentary cover of late Vendian to Cambrian 
Torneträsk Formation type on the crystalline 
basement is documented from the Caledonian 
front via several windows to Hinn0y, eastern 
Lofoten-Vesterålen. 
In the Caledonian front, the overlying-Cale­
donian nappes of the Lower Allochthon contain 
sedimentary rocks corresponding to the Torne­
träsk Formation and locally the Alum Shale 
Formation, imbricated together with sheets of 
crystalline basement rocks (Kulling 1964). These 
relations reappear in two windows in the Akka-
jaure area (Fig. 1), and further west in the 
Tysfjord Culmination and along the west coast of 
Norway (Björklund 1985). In the same areas, the 
overlying Middle Allochthon consists of several 
nappes of granitoids partly overlain by sedi­
mentary rocks of the Torneträsk Formation and 
also partly by sedimentary and volcanic rocks 
older, t han the Torneträsk Formation (Kautsky 
1953; Björklund 1979, 1985). These nappes can 
be traced from the Caledonian front westwards 
to Tysfjorden. From here, rocks of the Lower and 
Middle Allochthon can be followed along the 
coast northwards to eastern Hinnöy (Fig. 1). On 
the western side of the Rombak/Sjangeli 
Window, an allochthonous complex of basement 
and cover rocks (Vogt 1950; Gustavson 1974a, b) 
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can be mapped around the window and correlated 
with similar rocks of the Lower and Middle 
Allochthon (Fig. 1) occurring on the eastern side 
of the window (Kulling 1960, 1964). Thus, an 
analogous sequence of autochthonous sedimen­
tary cover overlain by allochthonous units of base­
ment and cover rocks is found on both sides of 
the Ofoten synform as well as in the adjacent 
areas of Torneträsk in the east and Akkajaure-
Tysfjorden to the south (Fig. 1). The continentally 
derived Middle Allochthon is overlain by the 
Upper and Uppermost Allochthons, consisting in 
general of rocks of higher metamorphic grade, in 
part of oceanic affinity. 
The Storvatn-Gausvik area, located on the east­
ern side of Hinn0y (Figs. 1,2), provides one of 
the westernmost exposures of the contact between 
the Caledonian allochthon and the basement of 
the Lofoten-Vesterålen archipelago. The com­
bination of easy accessibility and excellent out­
crops along the shore and east of Storvatn dis­
tinguishes this area as a westerly key area for 
studying the structural, lithologie and meta­
morphic relations of the Caledonian allochthon 
and the basement. In the neighbouring areas these 
relations are often obscured ; b y large-scale 
folding. 
Tectonostratigraphy 
The rocks of the Storvatn-Gausvik area may be 
divided into three main tectonic units: a lower, 
Basal Complex composed of the basement and 
its metasedimentary cover, a middle complex, 
named here the L-M Complex, of thrust sheets 
correctable with the Lower and Middle Alloch­
thons, and an Upper Complex correlated with the 
Upper Allochthon. The Basal Complex consists 
mainly of granite, with a cover of conglomerates 
and quartzites of apparently greenschist facies 
grade. Related to the overlying thrusts, the upper­
most parts of the Basal Complex show evidence 
of strong penetrative deformation. Hence, the 
uppermost part, is here regarded as at least partly 
parautochth.onous. The L-M Complex is com­
posed of three main types of lithologies: 1. coarse­
grained granite, 2. amphibolite facies schists, mar­
bles and amphibolites and 3. greenschist facies 
quartzites and schists. The Upper Complex con­
sists exclusively of amphibolite facies meta-
sediments and amphibolites. For ease of descrip­
tion, the Basal Complex and the L-M Complex 
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have been divided into tectonic subunits from A 
to I, shown on the geological map (Fig. 2). Their 
lithologies are summarized in Table 1. 
Basal Complex 
The partly parautochthonous Basal Complex, 
constituting the subunit A, is dominated by a 
coarse to medium-grained, grey to reddish grey 
granite, with individual K-feldspars commonly 
reaching up to 3 cm in diameter. A grey, fine­
grained porphyry of intermediate composition, 
possibly of volcanic origin, is well exposed beside 
the dam over the southeastern outlet of Storvatn 
(Fig. 2). The contact with the granite north of the 
dam, along the shore, appears to be intrusive, 
the granite cutting an internal foliation of the 
porphyry. 
The granite is overlain unconformably by a 
white to light grey quartzite (Gustavson 1974c), 
reaching a thickness of a little more than 100 m 
in the drained streambed below Nydammen. The 
basal part consists of a 5-10 m thick quartz-con-
glomerate with an indistinct bedding. The con­
glomerate is generally monomict, with subangular 
to subrounded quartz-pebbles, with long axes less 
than 5 cm (Fig. 3). In one outcrop north of 
Nydammen, just above the basal contact, a few 
angular to subangular minor boulders of a 
medium-grained grey granite occur, similar in 
composition to the underlying granitic basement 
(Fig. 4). With upward decreasing pebble-size, the 
conglomerate grades up into a current-bedded 
orthoquartzite (Fig. 5). Primary structures are 
well preserved in the near vicinity of Nydammen. 
Thus, the quartzite below Nydammen lacks a 
visible secondary cleavage and shows no flattening 
or shearing of the current-bedding (Fig. 5). Simi­
larly, conglomerates nearby show little signs of 
strain. However, the primary structures are defor­
med and disappear progressively towards the west 
and the sole thrust of the L-M Complex. Thus, a 
gneissosity of the boulders and a parallel cleavage 
of the quartzitic matrix is developed in the boulder 
conglomerate (Fig- 4, cf. Fig. 3) described above. 
Thinning of the quartzite towards the west is 
accompanied by the appearance of a spaced 
crenulation cleavage (Fig. 6), more intense 
towards the sole thrust, and subsequent devel­
opment of a banded quartzite mylonite near the 
cut-out. The quartzite mylonite is very similar 
to that overlying the granite sheets of the L-M 
Complex (cp. Fig. 7). 
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Table I. Lithologies of the Basal Complex (A) and the L-M Complex (B-t), Storvatn-Gausvik area. Note that tectonic repetitions 
of listed lithologies occur in sub units B, C, D and possibly in H. am = amphibolite faciès, gr = greenschist facies. 
Sub-unit Lithology 
Metamorph 
facies Description 
f Quartzite-mylonite 
\ Granite-mylonite 
{Quartzite-mylonite Micaschist Quartzite-mylonite Granite 
J* Quartzite-mylonite 
(_ Granite-mylonite 
Micaschist 
Quartzite-mylonite 
Granite-mylonite 
Micaschist 
Quartzite-mylonite. 
Granite 
Graphitic schist 
Micaschist 
Quartzite-mylonite 
Amphibolite 
Garbenschiefer 
Granite 
• Graphitic schist 
Micaschist 
Marble 
, Granite 
Graphitic schist 
Garbenschiefer, garnet-
micaschist & inter-
layered amphibolite-
bands 
Calcareous micaschist 
& marble 
Amphibolite 
Quartzite 
Granite 
Porphyritic meta-
volcanite 
gr 
gr 
gr 
gr 
gr 
gr 
gr 
gr 
gr 
gr 
gr 
am 
am 
gr 
gr 
am 
gr 
am 
gr 
white 
grey, fine to medium-grained 
white 
white t o grey, banded 
grey, medium to coarse-grained, massive 
to nrnfnmvlnnitir Kfsn-aiiopn«: <f 1 rm proto ylo itic, f p-augens 
white t o bluish grey, banded 
grey, fine to medium-grained 
white to bluish grey, banded 
grey, fine to medium-grained 
white to bluish grey, banded 
grey to reddish grey, medium to coarse-grained, 
massive to protomylonitic, mylonite zones in 
basal and upper parts. Kfsp-augens < 3 cm 
fine-grained, dark grey 
grey to white, banded 
massive medium-grained to schistose fine-grained 
amph < 15 cm 
grey, medium to coarse-grained, protomylonitic 
muscovite < 1 cm 
medium-grained, trem-act < 1 cm 
grey, medium-grained protomylonitic to fine grained mylonitic 
medium to fine-grained, massive to schistose, 
minor inter-layered micaschists 
white to grey, current-bedded, ca 100 m thick, 
with basal quartz conglomerate, 5-10 m thick 
coarse to medium-grained, grey to reddish grey, 
massive to protomylonitic 
grey, acid to intermediate 
Fig. 2. Geologic map over the Storvatn-Gausvik area, eastern Hinnöy. Extent of tectonic subunits A to I are shown within 
parentheses. Lithologie units within subunit D along shore of Storvatn are only summarily represented. Not represented are thin, 
0.1-lm thick, strongly tectonized layers of qu artzite mylonites and graphitic schists. For a lithologie description of subunits, see 
further Table 1. 
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Fig. 3. Monomict basal quartzite conglomerate, approximately 
5 m thick, overlying basement granite. Long axis of quartzite 
pebbles less than 5 cm. Moderate Si shearing subparallel to S0. 
Subunit A, north of northern end of Nydammen. 
Fig. 4. Granite boulders in basal quartzite, just above contact 
with underlying basement granite, Gneissosity of boulders is 
parallel to S,, in q uartzite. Subunit A, ca. 20 m south of local 
road crossing the contact between quartzite and granite, north-
east of Nydammen. 
Fig. 5. Current bedding in basal quartzite, showing right way-
up (e.g. above hammer). Subunit A, in stream-bed below dam 
over southern end of Nydammen. 
Fig. 6. Basal quartzite with planar beds of medium-grey, fine­
grained, weakly pelitic quartzite and white, coarser-grained 
orthoquartzite. Note reverse minor faulting of lithons along Si 
spaced cleavage surfaces (cf. above "S," in fig.). Sense of sl ip 
is parallel with direction of movement along the overlying sole 
thrust. Subunit A, approximately 400 m from westward cutout. 
Fig. 7. Banded quartzite mylonite, white to bluish grey, 7-8 m 
thick. Subunit E, shore of S torvatn. Same type of mylonite is 
present near cutout of the basal quartzite. 
Fig. 8. Polyphase folded micaschist with thin laminae of b luish 
grey quartzite. Post-thrust asymmetric folding of syn-thrust 
isoclinal folds, stretching lineations and quartz-segregations 
sub-parallel to layering. Isoclinal foldhinge one hammer-length 
at 10 o'clock from hammerhead. Subunit E, shore of Storvatn. 
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Thin micaceous laminae in the uppermost 
quartzites are characterized by prograde musco-
vite. biotite and chlorite and the absence of higher 
erade minerals. Thus, the sedimentary cover 
beneath the sole thrust appears not to have been 
subjected ta higher than greenschist facies con­
ditions. 
L-M Complex 
The L-M Complex consists of a series of thrust 
nappes repeating a rock-sequence of basement 
and cover units (Table 1, B-I). The sequence is 
composed of three main types of lithologies. 
The first category consists of a coarse- to 
medium-grained granite, grey to reddish grey in 
colour. No significant macroscopic difference is 
discerned between the granite of the L-M Com­
plex and that of the basement. The granite forms 
up to 350 m thick basal sheets of subunits D, E 
and H. The sheets of granite are increasingly 
deformed towards the roof and floor thrusts of the 
subunits, and a mylonitic foliation is developed 
concordant with the thrusts. 
Mylonitized granite occupies the comparably 
thinner basal parts of the subunits C, F, G and I, 
varying in thickness between a few and 20 metres. 
The second category includes "mphibolites. 
marbles and micaschists of subunits B, C and D. 
The amphibolites are dark, plagioclase-poor and 
they generally lack garnet. Texturally, they range 
from medium-grained and massive when little 
deformed, to fine-grained and schistose when 
mylonitized. The mylonitic schistosity is char­
acterized by subgraining and granulation of 
amphiboles and synkinematic growth of chlorite. 
The amphibolites were thus retrograded during 
thrusting and their amphibolite facies grade is 
interpreted to predate the main thrusting event. 
Based on textures- and main element chemistry, 
Gustavson (1974c) suggested that most of the 
amphibolites were metamorphic gabbros. Good 
outcrops are found downstream, from Nydam-
men. Coarse grained doiomite-mârble with brown 
weathering and containing blue-green amphibole 
occurs east of Langvatn in subunit C and in out­
crops along the main road along Tjeldsund in 
subunit B. In subunit B, both dolomite and calcite 
marbles are intercalated with calcareous mica 
schist, garnet-mica schist and garbenschiefer with 
dm-long amphibole-crystals. The same type of 
garbenschiefer also occurs along the contact 
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between the granite and the amphibolite of sub-
unit D, outcropping along the shore of Storvatn. 
Only a few minor xenoliths of amphibolite and 
none of the other rocks of the second category 
were found as xenoliths in the granites of the 
Storvatn area, suggesting the possibility that the 
rocks of the second category are younger than 
the granites. Furthermore, their distinctly higher 
metamorphic grade compared to the meta-
sediments of the third category identifies them as 
an independent lithologie assemblage. 
The third category consists of greenschist facies 
quartzites, mica schists and graphitic schists. The 
mica schists are characterized by the mineral 
assemblage quartz, muscovite, biotite, chlorite, 
calcite, tourmaline and magnetite. The absence 
of garnet and hornblende in these rocks and gen­
erally finer blastic grain size distinguish them from 
those of category two and those of the Upper 
Complex, indicating a different metamorphic 
history. 
A repeated succession of quartzite mylonite 
overlain by mica schist is present on each of the 
granite/granite-mylonite sheets of subunits E to 
H and partly on I. The quartzite-mylonites (Fig. 
7) show an upward increase of th in intercalations 
of mi ca schists. However, the upper contact with 
the overlying mica schist is always easy to define. 
No primary structures have been observed in 
the tectonically banded quartzite mylonites. 
However, their similarity to the mylonitized 
quartzite of the Basal Complex near its tectonic 
cutout is notable. The mica schists (Fig. 8) com­
monly have thicknesses of 2-5 m, but may at 
places reach 10-15 m. The foliation is usually 
strongly transposed with small intrafolial isoclinal 
folds. Syn- and post-thrust quartz segregations 
are common. Graphitic schist overlies the mica 
schist in subunit C as well as in the extremely 
tectonized section of D along the shore of 
Storvatn. The content of graphite in the graphitic 
schists may exceed 10%, as in subunit C (Table 
1). Parts of the these, u nits are highly graphitic, 
the graphite forming, in thin section,.continuous 
and/coalescing opaque laminae. 
The repeated stratigraphy within the L-M Com­
plex of granite overlain by quartzite and mica-
schist appears to correspond to that of the Basal 
Complex with its lithologically similar granite, 
unconformably overlain by quartzite. It is ten­
tatively suggested that these greenschist facies 
quartzites and mica schists are western cor­
relatives of the Torneträsk Formation of the Cale-
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donian front and that the graphitic schists are 
correlatives of the Alum Shale Formation. 
However, an alternative Precambrian age for 
the graphitic schists may also be suggested. Early 
Proterozoic graphitic schists belonging to the 
basement occur in the Lofoten-Vesterålen archi­
pelago (Krogh 1977; Griffin et al. 1978b) as well 
as in n orthern Norrbotten in Sweden (Lundqvist 
1979). 
Northwards along the strike in Finnmark, the 
Kalak Nappe Complex contains tectonic rep­
etitions analogous to those of the L-M Complex, 
of Pre cambrian gneisses unconformably overlain 
by a succession of Vendian to Cambrian shallow-
water metasediments (Sturt et al. 1978). These 
metasediments are typically developed on S0r0y 
(Ramsay 1971), and can be correlated with equiv­
alent sedimentary successions of the underlying 
Laksefjord and Gaissa Nappes and the Dividal 
Group of the autochthonous foreland (Sturt et al. 
1978). The amphibolite facies S0r0y succession 
consists of the Klubben Psammite Group, over­
lain in turn by the Storelv Schist Group, the 
Falkenes Marble Group, the Aafjord Pelite 
Group and the Hellefjord Schist Group. The 
greenschist facies quartzites arid micaschists of 
the L-M Complex occlipy a similar stratigraphie 
position as the Klubben Psammite Group and the 
Storelv Schist Group. However, greenschist facies 
equivalents of the overlying Falkenes Marble 
Group are notably missing within the L-M 
Complex. Thus, accepting a Cambrian age for the 
graphitic schists overlying the mica schists implies 
lateral changes of depositional environment. The 
absence of calcareous rocks and the lower meta-
morphic grade of the third category rocks is inter­
preted as a closer affinity t o the Dividal Group 
than to the S0r0y succession. 
Upper Complex 
The basal thrust of the Upper Complex is well 
exposed from the shore of Storvatn and eastwards 
(Fig. 2). The rock sequence above the basal thrust 
begins with a calcareous garnet-mica schist 
intercalated with bands of micaceous marble. 
Overlying these, there follow garnet-quartz-mica 
schist, mica-laminated schistose quartzite, garnet-
quartz-mica schist, micaceous marble, amphibo­
lite, garnet-quartz-mica schist and a thick suc­
cession of garnetiferous marbles. This complex 
was only examined in detail around Svartvatn 
(Fig. 2), where it can be shown to be isoclinally 
folded ancf cut by the basal thrust of the Upper 
Complex (Fig. 9). The core of the synform above 
the thrust is occupied by a garnet-bearing quartz­
ite with muscovite-biotite laminae generally dis­
rupted into strings and pods. The limbs consist of 
garnet-mica schist and micaceous marble. These 
rocks are strongly thinned in the southwestern 
limb towards the~thrust, where the mica schist is 
completely cut out for a length of 1 km along the 
strike. 
Granite- and quartzite mylonites belonging to 
the L-M Complex are exposed below the thrust, 
from Storvatn to the main road along Tjeldsund. 
These rocks carry a syn-thrust greenschist facies 
paragenesis of green biotite, muscovite, calcite, 
clinozoisite and quartz. Syn-thrust garnet is typi­
cally absent below the thrust. However, cataclas-
tic, granulated lensoid microaggregates of garnets 
occur locally in a granite-mylonite, immediately 
below the thrust in a roadcut along the main road. 
These garnets are interpreted to predate the main 
thrusting, or at least belong to a period of ea rly 
thrust movements under higher grade conditions. 
Phyllonites of garnet-quartz-mica schists immedi­
ately overlying the thrust carry cracked and mar­
ginally chloritized pre-thrust garnets. Thus, the 
basal thrust of the Upper Complex constitutes an 
important metamorphic and tectonostratigraphic 
hiatus. The microte? :ural evidence suggests that 
greenschist facies conditions prevailed along the 
basal thrust of the Upper Complex during the 
final thrusting of the Upper Complex. The basal 
thrust of the Upper Complex is easily traced 
regionally and may be followed southwards along 
the west coast of Norway to the Tysfjord area (cf. 
Foslie 1941, 1942; Gustavson 1974a) and further 
into Sweden, where it corresponds to the basal 
thrust of the Seve-Köli Nappe Complex (Fig. 
1). This circumstance and the metamorphic and 
» 190masi 
Fig. 9. Schematic geologic profile across strike of early isoclinal 
fold, cut by basal thrust of Upper Complex. For legend and 
location, see Fig. 2. 
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lithologie similarity between the rocks of the Köli 
Complex and the Upper Complex in the Storvatn 
area form strong arguments for their correlation 
(cf. Kautsky 1953; Kulling 1960, 1964; Gustavson 
1974a). However, the presence of thrusts and a 
northwestward wedging out of lithologie units 
(Hodges 1985) above this regional thrust, 
between Tysfjord and Hinn0y, may limit the 
extent of t he Köli Complex in Norway. 
Structures 
In general the rocks in the Storvatn area strike 
WNW and dip at low to moderate angles north­
wards. The earliest structures recognized in the 
L-M Complex are the thrusts. These are 
accompanied by a mylonitic foliation, which is 
part of a L-S fabric developed more penetratively 
near the thrusts. Stretching lineations of this fab­
ric strike in general WNW-ESE with low plunges. 
Pre-thrust folds in the overlying Upper Complex 
(Fig. 9) suggest a longer and more complex struc­
tural history for this unit. The Basal Complex 
and the overlying Caledonian nappes are folded 
together by at least two post-thrust fold phases. 
The first of these consists of folds with sub-
horizontal N60W trending axis, verging generally 
towards SW in the L-M Complex and towards NE 
in the Upper Complex and the uppermost part of 
the L-M Complex. These are folded by W verging 
folds with subhorizontal NNE trending axes. 
Axial-plane crenulation cleavages characterize 
both types of folds. 
Subunit C in the lower part of the L-M Complex 
(Fig. 2) consists of imbricate sheets of rocks 
from all three previously described lithologie cat­
egories. Subunit D appears to include a similar 
structure of tectonic repetitions, but here of gen­
erally more deformed rocks than in subunit C. 
Imbricate thrust sheets'are common in the Lower 
Allochthon in the tiorthern Swedish Caledoriides 
(Kulling 1964). These structures do also occur 
within the Middle Allochthon, cp. the Akkajaure 
Nappe Complex (Björklund 1985), but appear 
less characteristic of this unit as a whole. This may 
suggest a tentative identification of the boundary 
between the Lower and Middle Allochthons in 
the Storvatn area, corresponding to the basal 
thrust of subunit E (Fig. 2) of the L-M 
Complex. 
Summary and discussion 
In the Storvatn area on eastern Hinn0y, the 
autochthonous/parautochthonous Basal Com­
plex consists of a granitic basement uncon-
formably overlain by a fining-upwards sequence 
of conglomerates and quartzites. These meta-
sediments are interpreted to correlate with the 
Torneträsk Formation, occurring along the Cale­
donian front and in various windows. The Basal 
Complex is overlain by the allochthonous L-M 
Complex. The L-M Complex consists in its lower 
part of amphibolite facies rocks, thrust together 
with mylonitic granite, greenschist facies quartz­
ites, mica schists and graphitic schists. The upper 
part consists of several sheets of granite overlain 
by prograde greenschist facies quartzites and mica 
schists (Table 1, Fig. 2), suggested to be western 
correlatives of the Torneträsk Formation. These 
mica schists are thus of lower metamorphic grade 
than the amphibolites, marbles and garben-
schiefers occurring in the lower part of the L-M 
Complex. 
A general difference in occurrence of imbricate 
thrust structures between the Lower and Middle 
Allochthons is suggested. If this is correct, the 
thrust separating them may possibly correlate 
with the basal thrust of subunit E (Fig. 2). The 
Upper Complex of amphibolite facies rocks is 
separated from the L-M Complex by a major 
thrust. The latter is correlated with the basal 
thrust of the Seve-Köli Nappe Complex. 
Structural and textural evidence suggests that 
the earliest Caledonian deformation of the L-M 
Complex was the successive thrusting and stack­
ing of the nappes, repeating units of basement 
and cover. By contrast, the Upper Complex was 
already deformed and had already reached its 
peak of metamorphism when thrust on to the 
uppermost subunit of the L-M Complex. These 
thrust movements were followed by a folding 
together of the Basement and the L-M and Upper 
Complexes of at least two fold-phases, then being 
responsible for local and regional interference 
patterns. 
Recently, Bartley (1981b, 1982 pp. 190-192) 
proposed a type section along the eastern shore of 
Storvatn defining a stratigraphie sequence named 
the Storvann Group. This was described as a 
transgressive sequence beginning with impure 
quartzite at the base, overlain by progressively 
more aluminous schists, interlayered with two 
marble horizons. A possible correlation of this 
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rock sequence was suggested with the autoch­
thonous Dividal Group. He found no signs of 
concentrated strain in the basal contact of the 
quartzite, suggesting the Storvann Group to be 
autochthonous with an essentially undisturbed 
unconformable contact to an underlying granitic 
basement. The Storvann Group corresponds to 
part of the Upper Complex and units of the L-M 
Complex down to the cover of subunit E, when 
comparing Bartley's map and lithologie sequences 
(Bartley 1982, Figs. 4 and 5) with the results 
of the present study (Figs. 1, 2 and 9). This 
comparison demonstrates the presence of several 
major thrusts within the Storvann Group. West 
of Storvatn along the strike, Bartley (1981a, 1983) 
reported contacts to be of intrusive nature 
between Precambrian bodies of granite and syen­
ite, and quartzites, marbles and amphibolites, 
similar to those occurring southeast of Storvatn. 
By analogy, he interpreted the quartzite, here 
included in the Basal Complex (Fig. 2), as a 
Precambrian metasedimentarv inclusion in the 
basement granite. However, this quartzite is here 
shown to rest unconformably on the granite of 
the Basal Complex, with preserved primary sedi­
mentary structures and conglomerates along the 
contact (cf. Gustavson 1974c). Thus Bartley's 
interpretation of the tectonostratigraphy east of 
Storvatn, is clearly incompatible with the evi­
dence presented here. 
Bartley (1981b, 1982) also proposed a basal 
Caledonian thrust overlying the Storvann Group. 
As noted above, this implies that the proposed 
thrust is over- and underlain by rocks of the 
Upper Complex. Bartley interpreted this thrust as 
synmetamorphic, not representing a metamor-
phic discontinuity. He argued that the Storvann 
Group demonstrated an inverted metamorphic 
gradient, decreasing from amphibolite facies con­
ditions (cf. Upper Complex) to a downward dis­
appearing hydration of the underlying granite (cf. 
subunit E). P-T conditions along the proposed 
basal thrust were calculated to be S550°C and 
3=5kb by Bartley (1982) and s=650°C, 8kb by 
Hodges et al. (1982). On the basis of these values, 
Hodges et al. (1982) estimated a burial of the 
Lofoten terrane under a 30 km thick nappe stack. 
However, the basal Caledonian thrust accord­
ing to the present author is fo und considerably 
below the thrust Bartley identified as such. A 
marked metamorphic break is suggested between 
the amphibolite facies Upper Complex and the 
greenschist facies cover units of the L-M Com-
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plex. The tectonic juxtapositions of amphibo­
lite and greenschist facies rocks within the L-M 
Complex imply the presence of several metamor­
phic discontinuities below the Upper Complex. 
These observations seriously question the validity 
of the relatively high estimate of burial by Hodges 
et al. (1982). 
Near Fjelldal, south of Hinn0y (Fig. 1), Bartley 
(1982) and Hodges et al. (1982) found a basement 
of granite, overlain by allochthonous marbles and 
schists. They correlated the marbles and schists 
with the Salangen Group (cf. Upper Complex) of 
Gustavson (1966). The marbles and schists were 
overlain by amphibolites and quartzites. The lat­
ter rocks were correlated with the Austerfjord 
Group described by Häkkinen (1977) southeast 
of Austerfjord (Fig. 1). Over these rocks followed 
thrust Storvann Group metasediments overlain 
by granite. The tectonostratigraphy was ten­
tatively interpreted to be partly inverted, with 
rocks of the Salangen Group folded into a recum­
bent synform underneath rocks of the Austerfjord 
Group and the Storvann Group. 
An alternative interpretation is suggested by a 
comparison of the lithologie sequences of the 
Fjelldal-Austerfjord areas with that of the Stor­
vatn area presented here. In the Storvatn area, 
amphibolites, marbles and schists occur inde­
pendently from the Upper Complex, in subunits 
B, C and D of the L-M Complex. Within subunits 
C and D, these rocks occur in thrust tectonic 
association with granite and greenschist facies 
metasediments (Fig. 2). Thus, amphibolite facies 
rocks are found at low tectonic levels of the 
L-M Complex as well as in the neighbouring 
Austerfjord Group and the discussed allochthon 
of th e Fjelldal area. In the Storvatn and Fjelldal 
areas, these rocks are overlain by t hrust granite 
with its metasedimentary cover. Similarly, Häk­
kinen (1977) reported gneisses thrust over the 
Austerfjord Group. Earlier, Gustavson (1974c) 
reported the presence of thrust granite within 
the same unit. These analogies suggest a thrust 
tectonic interpretation similar to the L-M Com­
plex for the. discussed allochthons of the Àuster-
fjord-Fjelldal areas, and their correlation with the 
L-M Complex (cp. Gustavson 1974a). 
A characteristic feature of the L-M Complex is 
the thrust tectonic repetitions of paired basement-
cover units, e.g. subunits E to I. Accepting a 
Vendian to Cambrian age for the deposition of 
the greenschist facies cover rocks (third category) 
permits models of either Finnmarkian, or later, 
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Seandian thrusting and stacking of the L-M Com­
plex. In the lower part of the L-M Complex, 
amphibolite fades rocks (second category) occur 
in complex tectonic association with the above-
mentioned rocks. The retrograding along the 
thrusts of the amphibolite facies rocks and the 
prograde nature of the greenschist facies rocks 
indicate that the higher grade rocks reached their 
metamorphic peak prior to the lower grade rocks 
and prior to their juxtaposition by thrusting. 
These observation s imply ei ther a Precambrian 
or early Caledonian age for the metamorphism of 
the higher grade rocks. In a Caledonian model, 
the appa rent lack of a relict amphi bolite grade 
paragenesis in the rocks of the third category 
suggests a significan t l ateral separation between 
the rocks of the second and third categories prior 
to their juxtaposition. However, a separation 
would not be required if the second category 
rocks were part of a Precambrian basement prior 
to thrusting. In fact, an initially close spatial 
relationship prior to thrusting is consistent with 
the complex tectonic interleaving of the second 
and third category rocks in the lower subunits 
(cp. subunits C and D). The occurrence of Pre­
cambrian lithologies of a metamorphic grade com­
parable to those of the second category have 
been documented further west in the Lofoten 
archipelago, e.g. the late Proterozoic Leknes 
Group (Tull 1977) on Vestvåg0y. Previously, 
Hodges et al. (1982) also noted a lithologie simi­
larity between the Austerfjord Group and the 
Leknes Gro up. Albeit the nature of these con­
siderations are inconclusive, the author favours 
an interpretation of a Precambrian origin for the 
second category rocks. Clearly though, the ques­
tion of the age and origin of these rocks is of 
central importance <n any mod el of the tectonic 
development of the Caledonian nappes on 
Hinn0y. 
The proportions of basement to cover rocks 
are regionally highly vari able, such as north in 
Finnmark (Sturt et al. ,1978), south in the Akka-
jaure area (Björklund. 1985), west on Vaer0y 
(Griffin et al. 1978a; Björklund 1985) and east in 
the Torneträsk area (Kulling 1964). Despite these 
variations, allochthonous sheets of basement and/ 
or miogeosynclinal cover roc ks a re common for 
the lower part of the northern Scandinavian Cale-
donides. The dome and basin structures imposed 
by interfering post-thrust folds may locally 
obscure the regional easterly sheet-dip 'away' 
from the basement of the Lofoten-Vesterålen 
Caledonian nappes, eastern Hinn0y 13 
archipelago (Fig. 1). However, the structural, 
lithotectonic and metamorphic character of the 
L-M Complex regarded in the above regional 
context supports large-scale involvement in thin-
skinned tectonics of the uppermost basement 
crust and its sedimentary cover, the Lofoten-
Vesterålen area-being an integral part of the 
Baltic foreland. 
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STRATIGRAPHY, STRUCTURE AND METAMORPHISM OF THE LOWER AND 
MIDDLE ALLOCHTHONS AND UNDERLYING BASEMENT, AKKAJAURE-
-TYSFJORD TRAVERSE, N. SCANDINAVIAN CALEDONIDES 
Lennart Björklund, Department of Geology, University of Göteborg & 
Chalmers University of Technology, S-412 96 Göteborg, Sweden. 
ABSTRACT 
The Lower and Middle Allochthons in the Akkaj aure-Tysfj ord traverse 
comprise a shortened section of basement and cover rocks from the 
upper crust of Baltica. The investigated northern half of the Ak­
kaj aure Nappe Complex, ANC (=Middle Allochthon), comprises six 
extensive thrust sheets of basement and cover rocks. The comparatively 
thin covers are locally thickened by hinterland dipping duplexes; 
their structural style and lithologies similar to that of the under­
lying duplexes of the Lower Nappe Complex, LNC (=Lower Allochthon). An 
estimated original c. 350-400 km or more, WNW-ESE section is shortened 
to 120 km. A restored section displays a basement of granitoids and 
subordinate gabbroids with A-type characteristics, suggested to be 
part of the 1.65-1.8 Ga Transscandinavian Granite-Porphyry Belt. The 
rocks are overlain by local outliers of porphyries, and porphyry-
bearing conglomerates; these may be western correlatives to the 
Porphyry Group and the Snawa-Sjöfallet 'series' in the foreland. 
Alkaline dolerites, cut the granitoids and porphyries in the LNC and 
ANC. They are suggested to be broadly contemporaneous with the mid-
Gardar dikes on S. Greenland and the Central Scandinavian Dolerite 
Group. The dolerites are commonly contaminated by xenocrysts/liths of 
plagioclase and anorthosite, and from the wall-rock, alkalifeldspar 
and_ granitoids. Massive arkoses, diamictites and calcareous mica 
schists follows, overlain by arkoses and greywackes and Dividal Group 
quartzites, quartz phyllites and graphitic phyllites; these sedimetary 
rocks span the late Riphean to Upper Cambrian. 
Massive arkoses have only been identified in the ANC. The youngest 
rocks, Upper Cambrian Alum Shale Formation, are mainly restricted to 
the LNC, while cut out towards the west in the eastermost derived 
thrust sheet of the ANC. Tectonostratigraphic, fossil and radiometric 
data allow early Ordovician Finnmarkian thrusting, as well as late 
Silurian-Devonian Scandian reactivation of the LNC and the ANC. Tec­
tonic evidence from the base of the overlying Seve-Köli Nappe Complex, 
SKNC (=Upper Allochthon) in the Akkajaure area and radiometric 
evidence from the Rombak-Sjangeli area indicate Scandian out-of-
sequence thrusting of the SKNC. 
Geometry of duplexes and stacked thrust sheets of the ANC, vergence 
of syn-thrust folds in the foreland, orientations of large sheath-
fold, stretching lineations and elongations indicate D2 thrusting of 
the ANC and LNC towards S60°E. A sequence of south-verging and later 
north-verging transverse F3 folds deform the thrusts. Folding over 
hanging-wall lateral ramps is preferred as the main mechanism of F3 
deformation, over orogen-parallel transpression or rotation into the 
thrust direction. 
Estimates of P-T based on.+garnet-biotite, garnet-white mica, 
calcite-dolomite pairs and Si of white mica suggest syn-thrust 
max T° of 420-450°C and P= 2-3 Kb along the major thrusts of the ANC. 
Gradually lower temperatures are suggested towards the foreland, along 
the active sole thrust, during the piggy-back style stacking of the 
ANC. A slower rate of cooling from D2 to D4 for the LNC and ANC in the 
Tysfjord area suggests significantly thicker syn-D4 cover there as 
compared to the Akkajaure area. The entire nappe stack was D4 back-
folded along orogen-parallel axes. Doming of the underlying basement 
is suggested to result from mid-crustal horizontal shortening, 
modified locally by minor solid-state diapirism in the westermost 
parts. 
Kev-words: Scandinavian Caledonides, Transscandinavian Granite-
Porphyry Belt, alkaline dolerites, Riphean, Vendian, Cambrian, 
Akkajaure Nappe Complex, thin-skin tectonics, crustal shortening, 
thrust geometry, P-T conditions 
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1 
1 INTRODUCTION 
1.1 Background 
Lake Akkajaure occupies a broad U-shaped valley, transecting the 
northern Swedish Caledonides (Fig.l). The lake extends c. 65 km 
ESE-WSW from the thrust front of the mountain belt towards the 
border with Norway. Autochthonous metasediments overlie the 
Precambrian basement at the eastern end of the lake near Stora 
Sjöfallet. Similar lithologies occur in windows further west in 
the middle of the profile and along the Norwegian border. The 
overlying rocks in this profile across the orogen, are alloch-
thonous and dominated by thrust sheets of Precambrian granitoids 
with intercalated complex zones of subordinate cover rocks, 
together composing the Lower and Middle Allochthons. Higher tec­
tonic units, occurring to the north and south of the lake have 
been only of peripheral interest for this thesis. 
The deeply eroded Akkajaure valley provides one of the best 
traverses along which to study the geometry of the lower nappes 
within the Scandinavian Caledonides and their relationship to the 
underlying basement. Historically, the relative inaccessibility 
of the northern compared to the central Caledonides, has limited 
the amount of systematic detailed geologic mapping in the nor­
thern part. The vast areas of granitoids outcropping in the 
Akkajaure valley have recieved only marginal interest. Most in­
vestigations have focused on the overlying higher metamorphic 
nappes, occurring to the north and south of the Akkajaure area. 
Thus, until the last decades, the tectonic interpretation of the 
Akkajaure area has been based on regional reconnaissance mapping 
and a scattering of local detailed observations. Published work 
on the Akkajaure area and, further west, the Tysfjord area in 
Norway differed fundamentally in their interpretations of 
basement and cover relationships and nappe tectonics. 
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Fig.1 Scandinavian Caledonides; main tectonic units. 
Redrawn from Fig.l in Roberts & Gee (1985). 
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Lake Akkajaure constitutes together with Sitasjaure, Teusajaure, 
Satisjaure, Virihaure and Vastenjaure a major system of lakes, 
discharging their waters into the river Stora Lule Älv, Sweden's 
greatest producer of hydropower. The Akkajaure valley divides 
Norrbotten into a southern and northern area. Akkajaure also 
separates the two National Parks of Stora Sjöfallet to the north 
and Sarek to the south. 
In 1973 the Swedish State Power Board started the excavation of a 
tunnel system between Sitasjaure and Akkajaure (Plate I? Section 
B-B1) for the production of hydropower, a work completed in 1977. 
This offered a rare opportunity to document a continuous detailed 
profile through this relatively little known part of the Swedish 
Caledonides. It was agreed that the Swedish Geological Survey 
would have access to the tunnels and document the geology as the 
work advanced. The author started this documentation in 1973. 
The mapping soon provided new and unexpectedly interesting struc­
tural information and a complementary mapping of the surface 
, •» 
geology in a smaller area along the tunnel ^ as embarked on. This 
work resulted in a Fil.kand. thesis (B.Sei.) (Björklund unpubl. 
report 1975). In November 1975, the title of the present paper 
was accepted as the subject for a Ph.D. thesis at the Dept. of 
Geology, University of Gothenburg. It was realized that a correct 
evaluation of the thrust tectonics demanded detailed mapping of a 
traverse through the Caledonides, from the thrust front to 
Tysfjord on the west coast of Norway (Björklund 1985). Inves­
tigations were subsequently extended further north (Björklund 
1987a) to control the relationship between correlatives of the 
Akkajaure allochthons and the Lofoten basement. 
1.2 Previous work 
Research during the last century in the foreland areas of the 
Scandinavian Caledonides demonstrated the general occurrence of 
essentially flat-lying metamorphic rocks, often markedly 
deformed, overlying little or non-metamorphosed sedimentary 
rocks, the latter resting unconformably on a crystalline 
basement. These remarkable stratigraphie and metamorphic 
4 
relations were referred to as the 'high mountain problem' 
(fjällproblemet). From the evidence of fossils, the above men­
tioned sediments were thought to be of 'Silurian' (Cambro-
Silurian) age. Assuming a normal stratigraphie order implied a 
post-»Silurian' age for the overlying non-fossiliferous crystal­
line rocks. 
Inspired by interpretations of similar relationships in the Scot­
tish Caledonides, Törnebohm (1888) applied the concept of large-
scale overthrusting to a profile across the central Scandinavian 
Caledonides. In doing this, he proposed a simple and elegant 
solution to the 'high mountain problem1. By analogy, 
Törnebohm (1893) proposed a similar interpretation for the nor­
thern Scandinavian Caledonides. Some years later, in the first 
geological map of Sweden, he presented his thrust tectonic in­
terpretation for the entire Swedish part of the Caledonides 
(Törnebohm 1901). 
Despite the evidence in favour of his tectonic interpretation, 
much opposition remained. One line of evidence for the thrust 
hypothesis was the common occurrence of deformed and sometimes 
mylonitized porphyries and granitoids above the main thrust 
(Törnebohm 1896). However, the later recognition of large volumes 
of apparently little deformed magmatic rocks within the proposed 
overthrust metamorphic rocks were thought to discredit 
Törnebohm's theory of large-scale overthrusting (Svenonius 1900, 
Goldschmidt 1914, A.Gavelin 1915). The critique against the 
overthrust theory culminated with Goldschmidt1 s (1921) proposed 
theory of metasomatism and recrystallization of the Caledonian 
sediments in situ by massive injections of magmas along bedding 
planes, a further development of an interpretation suggested ear­
lier by Brögger (1893). 
The following years of fieldwork, with increased detailed 
knowledge of stratigraphy, petrography and tectonic relations, 
fully rehabilitated Törnebohm's theory of overthrusting in 
Sweden. However, the many, now evident, repetitions of 
stratigraphy implied the existence of a combination of many small 
and several major thrusts (Asklund 1938, Kulling 1944, 
Kautsky 1946), instead of the single main thrust and few 
• secondary' thrusts proposed by Törnebohm (1888,1896,1901). For 
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more detailed accounts of this early development, the reader may 
refer to Asklund (1946,1959). 
Up to the last decades, geologists working in the Norwegian 
Caledonides have, with a few exceptions (Vogt 1922,1941, Hol­
tedahl 193 6, Oftedahl 1943,1966, Gustavson 1966), argued against 
the existence of major thrusts in that part of the orogen. Part 
of the differences of interpretation stemmed from the general 
westward thinning and increasing penetrative strain of nappe 
units, that were easily recognized in the east in the foreland of 
the mountain belt, but more obscure in the hinterland. Tectonic 
concordance and thinning of layering is accompanied by a general 
westward increase in metamorphic grade in the lower tectonic 
units; these factors have made interpretation of the hinterland 
more difficult than the foreland. 
The change from an essentially flat-lying tectonic style in the 
mountain front to steeper structures in the west exposes vast 
areas of basement gneisses and granitoids in windows along the 
National border and the Norwegian coast. These steeper structures 
in the west were recognized by Brögger (1893) and Törnebohm 
(1896). They were interpreted as zones of deep géosynclinal down-
folding of Caledonian rocks, striking parallel to the 
Scandinavian Caledonides along the Atlantic coast. Törnebohm 
(1896) emphasized these as the 'core-lines' or root-zones of his 
proposed lateral thrust movements. Brögger (1893) on the other 
hand, emphasized the vertical 'uprising of central massifs' of 
basement rocks, effecting a complementary down-folding around 
these basement highs of the overlying Caledonian sediments. 
Whilst accepting local thrusts of the overburden sliding down 
into the synclines, he regarded all the Caledonian cover as es­
sentially autochthonous and denied the existence of Törnebohm's 
(1888) regional thrusts. 
Agreeing with Brögger's theory of voluminous injections of magmas 
and deep burial as the cause of metamorphism, K.O. Björlykke 
(1905) went further and proposed evidence for the existence of 
roots for the intrusions, within and west of the Caledonian 
rocks. 
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Holtedahl combined these 'western and eastern' views in an im­
portant paper (Bailey and Holtedahl 1938, cf. also Holtedahl 
1936) . He suggested a highly mobilized basement in a deeply 
buried core of the orogen along the westcoast of Norway, sup­
plying acid and basic sheet-like intrusions into the Caledonian 
overburden. Orogenic stresses resulting in lateral spreading ac­
counted for the eastward overthrusting and the consequent distal 
cooling and cataclastic deformation of the intrusions. 
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Fig.2 The Akkajaure-Tysfjord area and adjacent areas; main tec­
tonic units. TC = Tysfjord Culmination, R./S.W = Rombak-
Sjangeli Window (from Björklund 1987a). 
The early interpretations of the Scandinavian Caledonides out­
lined here, are also manifested in the relatively few published 
works concerning the Akkajaure-Tysfjord traverse. In a regional 
survey over northern Norrbotten, Hummel (1875) published a 
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geological map in 1:1.5 milj. covering parts of the northern 
Caledonides. On this, a sequence of sediments, interpreted as 
Cambrian equivalents of the Dividal Group (Pettersen 1878,1887) 
further north, was depicted along the Caledonian front as resting 
unconformably on older Precambrian rocks. The overlying schists 
Hummel thought to be 'Silurian' (Cambro-Silurian). The granite 
outcropping in the Rombak - Sjangeli window north of Akkajaure 
(Fig.2) was interpreted as a younger intrusion cutting through 
the overlying sediments. A 'white spot' covers the present area 
of investigation, but a layer of 'quartz schist' occupies ap­
proximately the position of the Dividal Group south of Stora 
Sjöfallet (Plate I). 
Svenonius (1900) made the first and, until recently, the only 
geologic investigation exclusively covering the Akkajaure area to 
the Norwegian border. He discovered several occurrences of 
Cambrian fossils in autochthonous shales along the Caledonian 
front (Svenonius 1892,1900). Further west, he observed 
metasediments, which he interpreted to be equivalents to those 
occurring along the Caledonian front, interbedded for tens of 
kilometers with vast sheets of granite and syenite. Svenonius 
stressed that the common mylonitic micro-texture described by 
Törnebohm (in Svenonius 1900) or 'pressed' gneissose texture of 
the granitoids were not restricted to contacts between the 
sediments and the granitoids. These textures, he argued, could 
therefore not be considered as unequivocal evidence for thrusts 
along the contacts. By analogy with basalt beds interlayered with 
minor sediments on Iceland, Svenonius (1900) interpreted the 
sheets of granitoids as horizontal extrusions or laccoliths in­
terleaving and contact metamorphosing an autochthonous Cambro-
Silurian sedimentary sequence. 
Hamberg (1910) denied Svenonius's 'magmatic' interpretation, 
referring to the evidence for strong cataclasis of rocks both 
above and below the mentioned contacts, along with the lack of 
feeder-dikes, cross-cutting apophyses or contact metamorphism of 
the sediments. Instead he proposed a model involving 
gravitational sliding, where the Syenite nappe: (Syenit-scholle), 
a southern extension of the Akkajaure granitoids, was thrust at 
least 40 km from NW to SE. 
8 
Later, Kautsky (1946,1953) showed that the area of the Akka jaure 
granitoids consisted of a series of thrust nappes, the Akkajaure 
Complex, each nappe consisting of granite or syenite overlain by 
late Precambrian to Cambrian sediments. Kautsky interpreted these 
tectonic units to be locally derived, stacked in an imbricate 
manner, and thrust a few tens of kilometers towards the ESE, be­
ing carried passively beneath the Seve allochthon. 
Kulling (1950a) reported the presence of an extensive nappe of 
crystalline rocks and sedimentary cover in the Torneträsk profile 
(Plate I, Fig.2), 100 km north of Akkaj aure. He presented 
evidence that this nappe was separated by a regionally flat-lying 
thrust from the underlying parautochthonous to autochthonous 
basement and cover rocks of the Baltic foreland. This nappe in 
the Torneträsk profile he interpreted to have southern cor­
relatives in the Ruoutevare 'anorthosite-plate1, the Syenite 
nappe and the thrust granitoids of the Akkaj aure area. Dis­
agreeing with Kautsky1 s interpretation of transport distance and 
schuppen tectonic style in the Akkaj aure area, he argued for an 
extensive, rootless far-travelled thrust nappe, derived from 
basement and cover rocks (Kulling 1950b,1960). These tectonic 
units he later included in his Middle Thrust Rocks 
(Strand & Kulling 1972, Kulling 1964,1982). 
In the western part of the Akkaj aure - Tysfjord traverse, 
Foslie (1941,1942) contributed three detailed 1:100.000 map-
sheets. In the accompanying descriptions, he regarded the 
Tysfjord granite within the Tysfjord Culmination (Fig.2) to be 
younger than the overlying Caledonian rocks. This he concluded 
from the occurrence of pegmatites and sheets of granite, 
petrographically similar to the Tysfjord granite, within the 
lower part of the Caledonian sequence; these granites and peg­
matites were both interpreted to intrude the latter. This 
represented a reversal of an earlier opinion established during 
his fieldwork, that the Precambrian Tysfjord granite was the un­
derlying basement to the Caledonian sequence. This réévaluation 
also persuaded him to interpret the basal white quartzites over­
lying the granite, to be a product of marginal differentiation 
from the latter. Accepting the occurrence of thrusts in Sweden, 
he found no evidence for such structures on the Norwegian side of 
the border. 
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Th.Vogt (1922,1941) did not exclude a certain amount of 
Caledonian palingenetic regeneration of the basement granites in 
the westerly parts of the Tysfjord - Ofoten area (Fig.2). 
However, arguing against Foslies views, he presented evidence 
that the granites in the Rombak - Sjangeli Window (Fig.2) and 
most probably also the Tysfjord granite and other granites 
beneath the Ofoten - Tysfjord Caledonian sequence, were 
Precambrian basement. From the structural relations in the Rombak 
- Sjangeli Window, Vogt (1922,1941) concluded that the Caledonian 
sequence had suffered a great horizontal displacement eastwards 
over the Precambrian basement, partly along flat-lying thrust 
planes. 
Referring to Kautsky's studies (1946,1947,1953), Oftedahl (1966) 
reemphasised the significance of the continuity and enormous 
dimensions of the thrust beneath the 'Seve Nappe' in both Norway 
and Sweden. Likewise, Gustavson (1966,1974a) demonstrated fully 
the allochthonous nature of the Caledonian rocks in the Ofoten -
Tysfjord area by the presence and continuity of several regional 
thrusts cutting the sequence. 
From Hummel (1875) and Svenonius (1900) to Kautsky (1953) and 
Kulling (1964), the greatly varying interpretations of the al­
lochthonous nature of the granitoid-dominated Akkajaure area were 
based on relatively scattered detailed observations. Up to the 
last decades, the local nature of the granitoids were maintained 
on the 1:1.000.000 map of the regional geology of Sweden (Magnus-
son et al. 1958), where these rocks are. interpreted as a short-
transported part of the basement, rooted in Norway. Similarly, 
Oftedahl (1966) also interpreted the granitoids as representing a 
continuous tongue of Caledonized basement, projecting into Sweden 
from Norway. This he termed the Tysfjord Culmination, by analogy 
with the Grong Culmination further south. 
The IGCP projects during the 1970'ies and 80'ies have produced a 
great amount of new data, locally with detailed maps, the latter 
largely unpublished. This has led to the developement and ap­
plication of more modern structural and tectonic models to the 
Scandinavian Caledonides. Detailed structural and metamorphic 
studies in adjacent areas to the north of the Akkajaure-Tysfjord 
area have added new data and allowed réévaluation of the earlier 
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tectonic interpretations of the deeper structural levels (Hodges 
et.al 1982, Hodges 1985, Crowley 1985, 1988, Bax 1986, Tilke 
1986). These more recent results will be compared further below 
in the appropriate chapters, with data presented here from the 
Tysfjord-Akkajaure traverse. 
1.3 Main objectives 
From the last chapter it is clear that a wide variety of tectonic 
interpretations of the Scandinavian Caledonides in general, and 
the Tysfjord-Akkajaure traverse in particular, were presented 
before the 19701ies. A fundamental question related to these 
theories concerned the existence and distribution of thrusts 
within and beneath the Caledonian cover sequence. Another ques­
tion concerned the degree of activation of the basement during 
the Caledonian orogeny. Had parts of the basement participated in 
thrusting? If so, how and in what manner; to what extent had it 
been shortened? Had melts, emanating from the basement, intruded 
the overlying Caledonian metasediments? 
To provide a basis for a structural analysis of the basement-
cover relationships in the Akkaj aure-Tysfj ord area, the first aim 
of the present work was to produce a detailed geological map over 
the area. During the progress of this work, the geometry and in­
ternal stratigraphy of the individual thrust sheets was 
established (Björklund 1979,1980). The result of these field in­
vestigations were presented in the form of detailed maps and 
sections in colour (Björklund 1987b), included here as Plate I. 
This thesis provides pétrographie descriptions of the rock units 
and an analysis of the structures and metamorphism. From this 
data base, the second aim was to establish and discuss a model 
for the tectonic development of the area. This would concern, in 
particular, basement-cover relationships, the degree of alloch-
thoneiety of the thrust sheets, thrust sheet development and the 
nature and degree of any basement involvement beneath the 
Caledonian allochthons. The internal distribution of strain in 
the thrust sheets and grade of metamorphism would also be studied 
as a complement to the structural history of the thrust sheets. 
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The results of these considerations are presented here in the 
sections on structures and metamorphism 
1.4 Comments to Plate I 
Plate I (Björklund 1987b) consists of a c. 1:100.000 Main Map of 
the northern part of the Akkajaure area, surrounded by supplemen­
tary maps and sections at larger scales. Location and tectonic 
setting is found in the 'Location Map' and the 'Main Tectonic 
Units' map. Sections 'A-National Boundary', A-A' and B-B' relate 
to the 'Main Map'. Maps and Sections I, II an III are details of 
duplexes, their locations indicated on the Main Map. 
Section A-A' runs along a straight line from the Norwegian west 
coast to the thrust front, via the mountain Stuor Seukok there 
making a slight change of direction. Section B-B' runs across the 
traverse along the hydropower tunnel between lake Sitasjaure and 
Ritsem. For locations of A-A' an B-B", see Main Map. 
Structural sections are constructed from detailed mapping of sur­
face geology, tunnels and drillcores, using conventional 
geometric techniques of down-plunge projection of structures into 
the planes of sections. Where geologic information is insuf­
ficient, structural interpretations in terms of any particular 
tectonic model are either avoided in the sections, or kept to a 
minimum where readability may otherwise be impaired. Tectonic 
interpretations and modelling are instead referred to chapter 4. 
The density of outcrops is good to extremely good in most of the 
mapped area. In a few local areas though, alluvium and moraines 
cover major thrusts, obscuring tectonic contact relationships and 
the extension of "sedimentary cover rocks. Areas with very few 
outcrops are; 1. the high plateau east of Maukovare and northwest 
of Ruoksoktjåkka, 2. the valley bottom between Unna Seukokatj and 
Stuor Seukok (thrust 4 does outcrop in the stream), 3. around the 
eastern end of lake Kätsak. The last of these constitutes a 
problem (discussed in chapter 4.2.1) when correlating tectonic 
units north and south of the Kätsak valley. The other two areas 
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do not constitute problems in terms of tectonic interpretation 
and correlation. 
Information from the surface geology is supplemented by detailed 
mapping of the hydropower tunnel system between Sitasjaure and 
Ritsem. The tunnel system with a total length of 25 km, including 
main, surge and access tunnels, has been mapped in the scale of 
1:400. 
Additional information from drillcores is used to control the 
local tectonostratigraphy and the continuation of and thickness 
of individual lithologie units, thus facilitating correlation 
between the tunnels and the surface geology. The mapped 
drillcores are sited in two main areas; along and in the vicinity 
of the Sitasj aure-Ritsem hydropower tunnel and along the older 
hydropower installations in the Suorva-Stora Sj öfallet-Satisj aure 
area in the vicinity of the thrust front. In conjunction with the 
complementary excavation of new tunnels in the latter area, a 
detailed account of the geology in sections along these tunnels 
was recently reported by Martna & Hansen (1986). The drillcores 
reported by these authors, together with many shorter drillcores, 
were also investigated by the present author and used for the 
construction of Plate I. The shorter ones, most of which only 
penetrated the moraines and the uppermost few meters of bedrock, 
were of great help in the drift covered area of the Caledonian 
front, from west of the Satisjaure dam to north of Stora 
Sjöfallet. 
Outcropping and mappable contacts between lithologie units are 
represented with continuous lines. Broken lines indicate 
lithologie boundaries, the position of which have been inferred 
only from scattered outcrops. Boundaries between granitoids and 
mylonitized granitoids are shown with continuous lines when dis­
tinct, and broken lines where contacts are gradual or inferred. 
Almost all lithologies appearing in the Middle Allochton also 
occur in the Lower Allochthon. In order to conserve space it was 
decided to represent the lithologies of these units under a com­
mon heading in the legend. 
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Mylonites derived from granitoids and undifferentiated mylonites 
are represented by purple colour. Undifferentiated mylonites in­
clude those of unknown protoliths and also those of known 
protoliths too thin to be represented in the map. However, most 
of the mylonites represented by purple colour are derived from 
granitoids. When possible to distinguish protoliths, e.g. 
metasediments and porphyries, mylonites are represented by the 
respective colours of the protoliths, the information being of 
tectonostratigraphic significance and judged more important than 
that of degree of deformation. 
The selection of colours is based mainly on those used by the 
Swedish Geological Survey for rocks of the Caledonides and the 
Caledonian front. Some minor deviations from this custom are made 
for the sake of readability of lithologies commonly represented 
as thin bands on the map, i.e. for arkose, diamictite and 
mylonite. The red colour for the granitoids is chosen in accor­
dance with that generally used by the Survey for Proterozoic 
post-orogenic granites in the basement. The light red colour 
representing the porphyries - is chosen to indicate their 
geochemical and mineralogical similarity with the granitoids. 
The regulated water level of Akkajaure may presently vary between 
423.0 and 453.0 m.a.s.l. However, the shoreline depicted on 
Plate I is based on topographic maps showing the pre-1972 maximum 
water level at 438.9 m.a.s.l. The mapping along the shoreline was 
performed at low water level in late May and early June before 
the break-up of ice and general snow melting. Similarly, the map­
ping of the small islands in the Ritsemjaure Window was performed 
immediately after the break-up and clearing away of ice, 
generally taking place around the 20:th of June. 
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2. TECTONOSTRATIGRAPHY 
2.1 Main tectonic units 
The allochthonous nature of most of the Caledonian rocks in the 
Akkajaure-Tysfj ord area was generally accepted after the works of 
Kautsky (1953), Kulling (1964) and Gustavson (1974). These 
studies demonstrated a series of generally flat-lying alloch­
thonous units, thrust over a crystalline basement. The latter is 
exposed with its thin sedimentary cover along the Caledonian 
thrust front in the eastsoutheast and in a number of tectonic 
windows within the orogen. 
The Swedish Caledonides were subdivided into five main tectonic 
units by Kulling (in Strand & Kulling 1972) and Gee & Zachrisson 
(1979); these are now generally applied to the Scandinavian 
Caledonides (MAP 1, in Gee & Sturt eds. 1985) (Fig.1). Four of 
these tectonic units are represented in the Akkaj aure-Tysfj ord 
traverse described here (Plate I, Fig.2). These are: 
Table 1. 
Main Tectonic Units, Akkaj aure-Tys fj ord Traverse 
Uppermost Allochthon not represented 
Upper Allochthon Seve-Köli Nappe Complex 
Parautochthon and 
Autochthon 
Middle Allochthon 
Lower Allochthon 
- - - Seve-Köli Thrust -------
Akkaj aure Nappe Complex 
- - - Akkaj aure Thrust --------
Lower Nappe Complex 
- - - Sole Thrust/Décollement - - - -
Sedimentary cover: Dividal Group. 
Basement. Precambrian intrusions 
and overlying Porphyry Group and 
Snawa-S j öfallet 1 series ' metasediments 
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By detailed mapping, the allochthonous units have been followed 
from Stora Sjöfallet at the Caledonian thrust front to Tysfjord 
on the west coast of Norway, a distance of 120 km (Plate I). This 
traverse shows the Upper and Middle Allochthons to consist of 
essentially flat-lying, westwardly thinning nappe complexes. The 
underlying Lower Allochthon varies greatly in thickness, ap­
pearing to have a discontinuous distribution with no obvious 
westerly thinning. 
The term 'Autochthon' is reserved for the Precambrian basement 
with its Vendian to Cambrian sedimentary cover (Dividal Group) 
occurring beneath the Caledonian thrust front (cf. Gee & Zachris-
son 1979). West of the thrust front, the basement and locally the 
lowermost part of its sedimentary cover is exposed in several 
windows and along the west coast of Norway (Plate I, Fig.2). The 
Ritsemjaure and the Autajaure Windows and further west the 
Tysfjord Culmination are all late-stage structural domes, folding 
the overlying thrusts (Plate I). The doming implies significant 
movement of the basement and its sedimentary cover. Possible 
mechanisms for this doming are discussed below in chapter 4.5. 
Lacking direct evidence of the nature of the mechanism and extent 
of these movements, these basal rock units are treated as 
parautochthonous (cf. Gee & Zachrisson 1979), implying uncer­
tainty of the extent of lateral displacement. However, Tilke 
(1986) and Bax (1986) interpret the Precambrian crystalline rocks 
in the core of the Rombak-Sjangeli Window further north (Fig.2) 
as allochthonous. 
A few outcrops 'of gabbro, surrounded by mylonitic thrust rocks on 
the southwestern shore of Sitasjaure, is represented on Plate I 
(Main Map) as parautochthonous exposed in a window. This gabbro 
may alternatively represent a continuation of the allochthonous 
gabbro (Middle Allochthon) found by Kulling (1964) north of 
there, on the other side of Sitasjaure. 
Recent mapping (Sundblad 1986) between mount Akka and the 
southern shore of Akkajaure has revealed a new window, the 
Vuojatätno Window, partly corresponding to 1Vaisafältet' (Kulling 
1982), just south of the Ritsemjaure Window. It is at present 
unknown whether this constitutes a southern extension of the Rit­
semjaure Window as this is depicted on Map II (Plate I), or if it 
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is an individual window separated from the Ritsemjaure Window by 
a narrow strip of the Akkajaure Nappe Complex. Because of the 
close proximity of the two windows and lake Akkajaure, the 
previously used name 'the Akkajaure Window1 (Björklund 1985) is 
replaced here by the 'the Ritsemjaure Window' to avoid possible 
confusion. Further west, the name 'Tysfjord Window' was earlier 
used (Björklund 1985) for the deeply eroded basement with its 
local sedimentary cover, outcropping in the vicinity of the 
national border (Fig.2). Since this unit is not completely bor­
dered by allochthonous units and is thus strictly in continuity 
with the crystalline basement along the west coast of Norway, the 
above mentioned term was abandoned (Björklund 1987a) and a use of 
the older term the 'Tysfjord Culmination' preferred (Oftedahl 
1.966). However, Oftedahl included the here distinguished Ak­
kajaure Nappe Complex and the Lower Nappe Complex within the 
Tysfjord Culmination; this practice is not followed here (Fig.2). 
The local development of the Lower Allochthon is here termed the 
Lower Nappe Complex. This term is partly derived from and cor­
responding to Kulling's (1964) 'Lower Thrust Rocks1. In vi^ w of 
this unit being characterized by the occurrence of numerous 
thrust sheets, the terms 'Thrust Rocks' and 1 Thrust Complex' (the 
latter used in Björklund 1985) are here substituted by 'Nappe 
Complex', thus also conforming to the vocabulary for the over­
lying units. The Lower Nappe Complex consists of relatively thin 
imbricate thrust sheets, locally developed into thickened 
duplexes as in the envelope of the Ritsemj aure and the Autaj aure 
Windows (Plate I). The thrust sheets comprise metasediments con­
sidered to be derived from western correlatives of the Dividal 
Group, and Early to Mid-Proterozoic supracrustal and igneous 
rocks. 
The local development of the Middle Allochthon, the Akkaj aure 
Nappe Complex, dominates the Akkaj aure valley between the thrust 
front and the Tysfjord Culmination in the west (Fig.2). Six in­
dividual thrust nappes have been distinguished to the north and 
west of the lake Akkaj aure, mainly consisting of large volumes of 
Precambrian granitoids covered by discontinuous, thin veneers of 
metasediments. Locally, the latter are tectonically thickened by 
lensoid duplexes, consisting of imbricate sheets of mylonitized 
granitoids, porphyries, greenstones and metasediments. These six 
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thrust sheets are here shown to be extensive and rootless, 
derived from west of the Tysfjord Culmination (cf. Björklund 
1985). 
As noted above (chapter 1.4), almost all lithologies occurring in 
the Akkajaure Nappe Complex are also represented in the Lower 
Nappe Complex. However, minor but significant differences do oc­
cur; 
-massiv arkoses have only been recorded in the Akkajaure Nappe 
Complex. 
-graphitic phyllites (correlated with the Alum Shale Formation) 
are typical for the Lower Nappe Complex and the Autochthon, 
but only very locally present in the easternmost derived part 
the Akkajaure Nappe Complex. 
A similar difference in the distribution of these lithologies 
appears to be general for the Lower and Middle Allochthons in the 
Akkaj aure-Tysfj ord-Lofoten-Torneträsk area. 
No detailed mapping has been performed t by the author south of 
Akkajaure. However, th3 presence there of several units of 
similar metasediments within the granitoids have been described 
by Kautsky (1953) and Kulling (1982). Their described mode of 
occurrence is here interpreted to indicate a continuation south 
of Akkajaure of the same tectonic style as is typical for the 
Akkajaure Nappe Complex north of the lake. However, the 
relatively rapid northward thinning and eventual cut-out of in­
dividual thrust sheets of the Akkajaure Nappe Complex (Plate I; 
Main Map) demonstrate that the number of thrust sheets 
encountered within the Akkajaure Nappe Complex may differ con­
siderably north and south of Akkajaure. 
The Upper Allochthon is recognized along the length of the Scan­
dinavian Caledonides as the Seve-Köli Nappe Complex and its 
equivalents (Map 1 in Gee & Sturt eds. 1985), being of great 
lithologie, metamorphic and tectonic complexity (Roberts & Gee 
1985). In the presently studied area, the Seve is represented by 
garnet-amphibolite facies schists and amphibolites. These rocks 
are cut out towards the west and overlain by Köli schists, 
marbles and greenstones of apparently lower metamorphic grade 
(Plate I). Only the basal parts of the Seve-Köli Nappe Complex 
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have been investigated, since the main emphasis of this thesis is 
on the underlying tectonic units. 
The lowest zone of thrust movement distinguished in the Akkajaure 
traverse is generally named the Sole Thrust. However, this zone 
may locally also be distinguished as a wide composite zone of 
distributed detachment. Regionally, this basal tectonic zone 
constitutes the major boundary between the rocks of the 
Autochton/Parautochthon and the overlying allochthonous units. 
For purposes of tectonic interpretation, it has been found prac­
tical to distinguish between the cases when this zone is 
developed as: 
- a well defined thrust surface of concentrated strain along 
which major transport has taken place; a Sole Thrust 
- a composite zone of surfaces of detachment (décollements) with 
only minor displacements consisting of minor thrusts, shears 
and breccia zones, their added total displacement equal to that 
on the single surface of the Sole Thrust; a Décollement zone 
(Dennis 1967). The term 'Sole Thrust1 is also generally used 
where this basal zone is not exposed for investigation. 
Fig.3 View of the Akkajaure Thrust and the thrust front, Stora 
Sjöfallet. The Akkajaure Thrust (A) is seen at the base of the 
Parnejåkkå water-fall, exactly in the center of the picture 
(cf. Fig.12). The Sole Thrust (S) is seen further down in the 
gorge. 
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The basal thrust of the Akkajaure Nappe Complex, the Akkajaure 
Thrust, is well exposed north of Stora Sjöfallet (Fig.3), at the 
base of steep cliffs rising westwards into the Nieras massif 
(1653 m.a.s.l.). It is also exposed further east, but partly in­
accessibly in cliff-sides several hundred meters high, in the 
isolated klippe Juobmotjåkkå c. 5 km east of Stora Sjöfallet. No 
mapping of this mountain was undertaken for this thesis. The Ak­
kajaure Thrust is also well exposed in the Ritsemjaure (Fig.4) 
and the Autajaure Windows, partly acting as a roof thrust to the 
duplexes of the Lower Nappe Complex and partly joining the basal 
Sole Thrust. Further west, the Akkajaure Thrust can again be 
mapped in the excellent outcrops around the Tysfjord Culmination 
down to the west coast of Norway (Fig.5). In the field it is best 
recognized as the boundary between the granitoids dominating the 
Akkajaure Nappe Complex and the more complexly alternating 
lithologie units of the underlying Lower Nappe Complex (Plate I; 
Tect.-Strat. Section A-Nat.Boundary). 
Fig.4 View of the fault escarpment of the Akkajaure Thrust along 
the northern margin of the Ritsemjaure Window. The Seve Thrust 
runs along the base of Mount Raivotjåkkå, seen to the right on 
the horizon. 
The basal thrust of the Seve-Köli Nappe Complex, the Seve-Köli 
Thrust, is commonly well marked by a low escarpment, up to 10m 
high, and by the generally darker colour of the overlying rocks. 
Consequently, this thrust is mostly easy to trace even from a 
great distance (Fig.6). The Seve-Köli Thrust outcrops at a height 
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of ca 1500 m.a.s.l. south of lake Teusajaure, west of the thrust 
front (Plate I); further west it undulates and dips gently 
westwards, until west of the border to Norway, it is tightly 
folded down to and below the sea-level (Plate I; Section A-A1). 
Fig.5 View of the Sole Thrust (S), the Akkajaure Thrust (A) and 
the Köli Thrust (K), from Kraakviktind northwestwards towards 
Segelfjell, Norway. 
Fig.6 Escarpement of the Köli Thrust, c. 5-15m high, at the base 
of mount Alitoivi, in the valley north of Kätjåive. 
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Kautsky (1953) considered the thrust units underlying the Seve-
Köli Nappe Complex to be a series of short-transported slices of 
basement rocks, each slice with a thin cover of 'Hyolithus-zone 
type' (Dividal Group correlatives of this thesis) sedimentary 
rocks displaying a consistent stratigraphy. Kautsky regarded 
these slices, comprising his Akkajaure Complex, to be 
'transported towards the east and partly piled upon one another' 
(Kautsky 1953, p.228) due to the overthrusting of the Seve-Köli 
Nappe Complex. 
In his descriptions of the Swedish Caledonides in northern and 
southern Norrbotten, Kulling (1964, 1982) divided the alloch-
thonous rocks below the Seve-Köli Nappe Complex into two tectonic 
units, the rootless far-thrust Middle Thrust Rocks and the under­
lying relatively short-transported Lower Thrust Rocks. Although 
convinced of the applicability of these units in the Akkajaure 
area, Kulling in his latest paper (Kulling 1982) expressed the 
need for further mapping to establish their detailed dis­
tribution. He described the Middle Thrust Rocks of the Akkajaure 
area as a sheet consisting mainly of Precambrian granitoids, 
locally overlain by quartzites and phyllites/schists. Observed 
instances of sheets of granitoids overlying the metasediments 
were explained as tectonic inversions by local folding and 
sliding, e.g. 'Vaisafältet', mentioned above, and 
'Riksgränsfältet1 between Akkajaure and the Tysfjord Culmination 
(Kulling 1982, p.65). 
Thus, Kulling distinguished two major allochthonous complexes 
beneath the Seve-Köli Nappe Complex while Kautsky distinguished 
only one thrust complex, which he called the Akkajaure Complex. 
Furthermore, a significant difference in transport distance for 
the nappes and tectonic style and presence of thrusts was in­
ferred by the two interpretations. During the detailed mapping of 
the present work, it has been found convenient to apply a tec-
tonostratigraphy revised from and based on the one used by 
Kulling (1964, 1982). For these reasons, the term 'Akkajaure 
Complex' was avoided since it encompasses rocks from both the 
Middle and the Lower Allochthons. However, the term 'Akkajaure 
Nappe Complex' was chosen for the local development of the Middle 
Allochthon to stress the presence within this tectonic unit of 
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the several important thrusts discovered by Kautsky and denied by 
Kulling. 
In Norway, west and north of the Tysfjord Culmination, Gustavson 
(1974), in a regional interpretation, included thrust granitoids 
into the basal part of his 'Mellomste tektoniske enhet1, the lat­
ter suggested to be correlated with the Seve-Köli Nappe Complex. 
These granitoids are here shown to be the westward continuation -
into Norway of the Akkajaure Nappe Complex, underlying the Seve-
Köli Nappe Complex (Plate I). 
In the following chapters 2.2 to 2.6 the stratigraphie and struc­
tural relations between different rock units are described. For 
pétrographie and geochemical details of the rocks, the reader is 
referred to chapter 3. 
2.2 Autochthon and Parautochthon 
In the Tysfjord-Akkajaure area, the foreland basement beneath the 
Caledonian nappes comprise, in the east, an Early (?) Proterozoic 
supracrustal sequence underlain by slightly younger granitoids. 
In a narrow area along the Caledonian front, these rocks are 
overlain with marked unconformity by late Vendian to Cambrian 
Dividal Group metasediments. Proterozoic granitoids considered to 
belong to the Transscandinavian Granite-Porphyry Belt, outcrop in 
the lowest structural levels in the windows further west. In the 
latter, these 'basement units' are overlain very locally by 
deposits of diamictites, followed by tectonically restricted 
metasediments correlated with the Lower Cambrian units of the 
Dividal Group. 
2.2.1 Precambrian (pre-Vendian) Basement 
The Autochthon, exposed east of the Caledonian front in the Stora 
Sjöfallet area, consists of low grade Proterozoic sandstones be­
longing to the Snawa-Sjöfallet 'series' (Plate I), underlain by 
the rocks of the Porphyry Group (ödman 1957, Witschard 1984). 
These supracrustals are underlain further east by the coarse 
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grained granitoids of the Perthite Monzonite Suite. Rocks of the 
Porphyry Group and the Perthite Monzonite Suite display 
pronounced similarities in geochemical and geophysical properties 
(Witschard 1984). However, based on U-Pb zircon isotopic age 
determinations, the intrusions of the Perthite Monzonite Suite 
appears to be slightly younger than the volcanites of the Por­
phyry Group. 
West of the Caledonian front, in the lowest structural levels of 
the Ritsemjaure and Autajaure Windows and the Tysfjord Cul­
mination, basal units of the Dividal Group are found resting with 
primary contacts on coarse grained perthitic granitoids belonging 
to the Proterozoic Transscandinavian Granite-Porphyry Belt (Gor-
batschev 1985), referred to here as the TGPB. Parautochthonous 
supracrustals of the Snawa-Sjöfallet "series1 and the Porphyry 
Group are thus found to be generally absent in the windows west 
of the Caledonian front. 
In the Stora Sjöfallet area, the Snawa-Sjöfallet sseries' con­
sists mainly of sandstones with intercalations of mudstones and 
fine conglomerates. Well preserved sedimentary structures are 
interpreted to indicate fluviatile to shallow water deposition. 
The base of the Snawa-Sjöfallet 'series1 is characterized by a 
basal conglomerate, 'a few tens of metres thick, containing vol­
canic fragments and pebbles of many types and shapes in a 
quartzitic matrix' (Witschard 1984). Units of the underlying Por­
phyry Group consist mainly of intermediate to acid porphyries and 
other fine grained volcanites, with subordinate volcaniclastic 
rocks, agglomerates and quartz-rich sediments. Subordinate 
alkaline mafic volcanites of the Porphyry Group are interpreted 
generally to be the oldest while alkaline, intermediate to acid 
volcanites are found higher up in the sequence (Witschard 1984). 
In the Stora Sjöfallet area, ödman (1957) and Martna & Hansen 
(1986) describe the occurrence, within the Snawa-Sjöfallet 
'series', of interbeds of fine grained to glassy rocks of acid 
and basic composition, some displaying pyroclastic microtextures 
and therefore interpreted to be metavolcanites. This presence of 
volcanic rocks similar to those in the Porphyry Group suggests a 
relatively close relation in time between the accumulation of the 
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Fig.7 Geologic map showing the relation of the Transscandinavian 
Granite-Porphyry Belt and Rapakivi granites (from Gorbatschev 
1985) to the Caledonian nappe terranes. Radiometric ages of 
granitoids are shown by points and stars« Cited determinations 
are, from south to north: Jarl,L.-G. & Johansson,Â (1769±9, 
1808±4, 1783±10), Wilson et al. 1985 (1698±^), Stuckless et 
al. 1982, Stuckless & Troeng 1984 (c. 1650),Skiöld 1988 
(1791±22), Thelander et al. 1980 (1731±73), Griffin et al. 1978 
(171Q±60), Gunner 1981 (1780185), Andresen & Tull 1986 
(1742±46), Griffin et al. 1974 (1700±20), Andresen & Tull 1983 
(1644±36) , Andresen 1980 (1706±15). 
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two supracrustal units. On the basis of the southward increasing 
regional metamorphism of the Snawa-Sjöfallet 'series' (Lundqvist 
1979, Witschard 1984), an early rather than post-Svecokarelian 
age may be suggested for these rocks (cf. Lundqvist 1979). 
However, emphasizing the geochemical and mineralogical 
similarities together with the intrusive and close spatial as­
sociation between the massive granitoids of the Perthite 
Monzonite Suite and the overlying rocks of the Porphyry Group, 
Witschard (1984) preferred to assign the rocks of the Porphyry 
Group, the Snawa-Sjöfallet 'series' and the Perthite Monzonite 
Suite to the 'closing stage of the Svecokarelian orogeny'. 
Radiometric U-Pb zircon age determinations suggest that extrusion 
occurred between 1910 and 1860 Ma B.P. for the felsic rocks of 
the Porphyry Group in the Kiruna-Gällivare area (Skiöld & 
Cliff 1984). Thus they share, in part, the same radiometric time 
interval as the Svecokarelian early orogenic, generally foliated 
and regionally metamorphosed plutons in northernmost Sweden 
(Skiöld 1987). Felsic porphyries are preferentially spatially 
associated with the generally massive, non-foliated granitoids of 
the Perthite Monzonite Suite. The granitoids display both sharp 
intrusive and gradational contacts with the porphyries, the lat­
ter being more common (Witschard 1975). Based on these spatial 
and structural relations together with the pronounced geochemical 
and geophysical similarities between the rocks of these in­
trusions and extrusions, Witschard (1984) favoured a comagmatic 
origin. 
The granitoids of the TGPB are regarded as post-orogenic with 
respect to the Svecokarelian orogeny (Gorbatschev 1985). In­
terpretations of ages of intrusion, mainly based on Rb-Sr whole 
rock determinations, are generally bracketed between 1650-1750 Ma 
(Wilson et al 1986). However, U-Pb zircon ages from the Swedish 
Precambrian are very commonly, significantly higher than the cor­
responding Rb-Sr ages (Skiöld 1982, Wilson et al. 1986). A more 
or less pronounced disturbance of the Rb-Sr whole rock systems 
until at least 1700 Ma ago has been concluded for the Precambrian 
of northernmost Sweden (Skiöld 1982), east of the Caledonian 
front. Very few U-Pb zircon ages are reported for the granitoids 
of the TGPB. Three U-Pb zircon ages are reported from central 
Sweden (Fig.7); from the Olden granite c. 1.65 Ga (Stuckless 
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et al 1982), the Rätan granite 1.70 Ga (Wilson et al. 1985), the 
Sorsele granite 1.79 Ga (Skiöld 1988). 
No radiometric dating is as yet available for the granitoids of 
the Perthite Monzonite Suite, occupying a large area east of and 
adj acent to that of the volcanites of the Porphyry Group in the 
neighbourhood of Stora Sjöfallet. However, Skiöld (1982) obtained 
two U-Pb ages, 1863 and 1,82 6 Ma, from zircon fractions and a 
Rb-Sr whole rock age of 1725 Ma for a granite 1 containing Per­
thite Monzonite characteristics', the Äijäjärvi granite 
(Witschard 1984) outcropping in a smaller area ca 40-50 km to the 
eastsoutheast of Stora Sjöfallet. Such high ages are considered 
to disqualify this and other granitoids of the Perthite Monzonite 
Suite from being interpreted as post-orogenic Svecokarelian in­
trusions (cf. Skiöld 1982,1987,1988). However, the close 
relationships cited above, between the rocks of the Porphyry 
Group and the Perthite Monzonite Suite are highly reminiscent of 
similar relationships between those of the volcanic and plutonic 
rocks of the TGPB. This aspect will be further discussed in chap­
ter 3.1.2. 
A few Rb-Sr whole rock age determinations are available of 
'basement' granitoids exposed in several windows and along the 
west coast of Norway, in areas adj acent to the Tys fj ord-Akkaj aure 
area (Fig.7). The reported ages fall between 1.78 and 1.64 Ga 
(Heier & Compston 1969, Wilson & Nicholson 1973, Griffin et al. 
1974, 1978, Andresen 1980, Gunner 1981, Andresen & Tull 1983, 
1986). The dated granitoids are considered to be part of the 
TGPB. Andresen (1980) and Andresen & Tull (1983, 1986) also 
favoured a genetic linking between local granites belonging to 
these intrusions and the largely post-tectonic, post-1.8 Ga 
complex of mangerites and charnockites. The latter intrude Ar-
chean migmatite gneisses and high grade Early Proterozoic 
supracrustals in the Lofoten archipelago, northwest of the 
Tysfj ord-Akkaj aure area. 
In summary, the substrate to the nappes in the Tysfj ord-Akkaj aure 
area exposed in windows in the hinterland and adjacent areas, is 
dominated by intrusions with U-Pb and Rb-Sr ages ranging between 
1.6 to 1.8 Ga; they are interpreted to be part of the post-
Svecokarelian TGPB. In the windows of the Tysfjord-Akkajaure 
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area, these comprise mainly coarse grained perthite granitoids. 
Further east, in the autochthon, supracrustal rocks of the 1.86-
1.91 Ga old Porphyry Group and the slightly younger Snawa-
Sjöfallet 'series1, are intruded and underlain by the granitoids 
of the Perthite Monzonite Suite. These supracrustal rocks con­
tinue westwards beneath the Caledonian nappes, but do not 
reappear in primary contact with the parautochthonous granitoids 
in the windows. 
2.2.2 Vendian to Cambrian Dividal Group in the thrust front 
A fossiliferous Vendian to Lower Paleozoic sedimentary cover is 
found deposited unconformably on the underlying Precambrian rocks 
along the Scandinavian Caledonian front (Bergström & Gee 1985, 
Map 1 in Gee & Sturt eds. 1985). In general, only Vendian and 
Cambrian strata are present in the northern areas. Detailed 
descriptions of these rocks in northern Sweden and northern Nor­
way, are given by Kulling (1964, 1982), F0yn (1967) and Thelander 
(1982) . 
Part of this sequence, from the Stora Sjöfallet area to Finnmark 
in north Norway is here, in accordance with F0yn (1967), referred 
to as the Dividal Group, a term originally introduced by Petter-
sen (Dividals-gruppen, 1878, 1887). Based on fossil and 
lithologie evidence from Norrbotten, north and south of Stora 
Sjöfallet, Kulling (1964,1967,1982) regarded the sediments of the 
Dividal Group as the northern development of the 'Hyolithus 
Series', the latter renamed the 'Torneträsk Group' (Kulling 1967, 
1982). However, the use of the alternative and overlapping names 
'Hyolithus Zone' and 'Hyolithus Series' (Svenonius 1900, Kautsky 
1953, Kulling 1964) or 1 Torneträsk Group' (Kulling 1967, 1982) is 
unfortunate (cf. F0yn 1967, Thelander 1982). Thelander (1982) 
proposed a subdivision of the Dividal Group (Pettersen 1887, F^yn 
1967) into the late Vendian and Lower Cambrian Torneträsk For­
mation and the Middle to Upper Cambrian Alum Shale Formation 
(Kulling 1964, Gee 1972, Andersson et al. 1985), and this prac­
tice is followed here. 
North and south of the Stora Sjöfallet area, in Norrbotten and 
northern Norway, the Torneträsk Formation typically begins with a 
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basal conglomerate and sandstone overlain by a sandy to shaly 
siltstone of late Vendian age (Vidal 1979) followed by a succes­
sion of Cambrian shales, siltstones and sandstones (Kulling 1964, 
Vogt 1967, F0yn 1967, Thelander 1982). No stråtigraphically 
higher units than the black shales of the Alum Shale Formation 
have been identified in an autochthonous position from Stora 
Sjöfallet and northwards. The highly incompetent black shales are 
commonly cut at a low stratigraphie level by thrusts ; the thick­
est, often repeated sections of the black shales occur above the 
Sole Thrust, incorporated in the overlying Lower Allochthon 
(Thelander 1982). 
The stratigraphy of the Dividal Group is restricted to a Cambrian 
sequence in the Stora Sjöfallet area. The Dividal Group generally 
shows a more complete development north of Stora Sjöfallet, 
reaching at least 90m in the Torneträsk area (Thelander 1982) and 
locally exceeding 250m in Finnmark, north Norway (F$yn 1967). A 
similar thickening and development of older strata is encountered 
south of the Stora Sjöfallet area (Kulling 1972, 1982, Thelander 
1982) . 
From a stream section in Parnejåkkå, 5 km northeast of Stora 
Sjöfallet (Plate I; Main Map), Thelander (1982) reported the lack 
of the lower part of the Torneträsk Formation and the unconfor­
mable deposition of an uppermost Lower Cambrian siltstone member, 
directly on the quartzites of the Snawa-Sj öfallet 'series1. This 
'upper siltstone member1 is there described to consist of a c. lm 
thick basal conglomerate and sandstone passing upwards into a 
grey siltstone, overlain by 0.5-lm of Middle Cambrian black 
shale, a total stratigraphie thickness of 11-12 m. This com­
parably thin and restricted deposition of the Dividal Group is 
confirmed by my own observations along the thrust front in the 
area (Plate I; Main map) and from several drillcores (Fig.10, cf. 
Kulling 1964). However, from detailed mapping of tunnel sections 
and several drillcores just west of the thrust front between 
Suorva and Stora Sjöfallet, Martna & Hansen (1986) report thick­
nesses reaching at least 29m for the siltstone, and even 45m 
(tectonic thickening?) in a drillcore. in one of the drillcores, 
E4, the underlying basal sandstone reaches 29.6 meters in thick­
ness (Fig.10). Nowhere could the black shales be found in 
autochthonous position on the upper siltstone member. This fact 
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together with the variation in thickness of the grey siltstone 
makes it less likely that the thin black shales rest with undis­
turbed primary contact on top of the upper siltstone member in 
the Parnejåkkå stream section (Fig.8, see further chapter 2.3). 
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Fig.8 Normal faulting of the Dividal Group and underlying Snawa-
Sjöfallet 'series'. Note, the faults do not noticeably affect 
the overlying Sole Thrust (redrawn from Martna & Hansen 1986). 
Section is drawn along headrace tunnels 1 & 3 (cf. Fig.10). 
Notably, the basal quartzite is not present in the drillcores 10 
& 18 (Fig.10), that penetrate the Autochthon in the small hill 
Kanisvaratj. Instead, the grey siltstone was deposited directly 
on a thin basal arkose (diamictite?), overlying the sandstones of 
the Snawa-Sjöfallet 'series' (cf. chapter 3.4.3). In the ad­
jacent drillcores 6 & 17, the basal quartzite is present. These 
relationships are interpreted as evidence for deposition on an 
uneven basement surface. 
2.2.3. Sub-Dividal and Dividal Group correlatives in the windows 
Only the basal sedimentary units are preserved in primary 
position on the Precambrian granitoids, exposed in the cores of 
the windows. What are here interpreted as the originally over­
lying stratigraphie units, occur, tectonically dismembered, 
within the overlying Lower Allochthon. A possible model for the 
pre-thrust stratigraphy of the sedimentary cover, west of the 
thrust front, is discussed in chapter 2.6. 
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Diamictites and quartzite conglomerates were deposited on the 
granitoid substrate within the Akkajaure and the Ritsemjaure Win­
dows and the Tysfjord Culmination. Only very locally, can these 
rocks be shown to be overlain stratigraphically by white to light 
grey quartzites (Plate I? Main map, Map II). 
Diamictites occur in the Ritsemj aure Window and the Tysfjord Cul­
mination in primary sedimentary and partly detached position on 
the granitoids. They are best preserved and achieve their 
greatest thickness in the Ritsemjaure Window. The basal deposits 
are very coarse sedimentary breccias, filling vertical fissures 
in the granite (cf. chapter 3.4.2). Above the fissures, the brec­
cias grade upwards into dark conglomerates, locally with a 
rudimentary stratification, and further up into a dark shale with 
few local clasts. Thinner and more deformed deposits are found 
along the northwestern margin of the Tysfjord Culmination, here 
also with clasts of granite similar to that of the underlying 
basement. In both windows, the deposits can be shown to be 
laterally restricted, appearing to be limited to local 'pockets1, 
possibly primary depressions, in an irregular basement surface. 
On an island in the core of the Autajaure Window (Plate I; Map I, 
south of N-arrow), quartzite pebble and gravel-size conglomerates 
were deposited directly on the granite, and overlain by coarse to 
fine grained, bedded quartzites. Quartzites are also found over­
lying the parautochthonous diamictites in the Tysfjord 
Culmination. They are not conglomeratic in their basal parts, and 
penetratively deformed. Their discontinuous occurrence above the 
diamictite in the Ritsemjaure Window suggests, at least partial 
detachment, from the underlying diamictite. 
A small deposit of a polymict conglomerate (Fig.52) of unknown 
stratigraphie position is found on an island within the Ritsem-
jaure Window (Map II, southeast of N-arrow). The type of clasts 
suggest it to be a local variety of the basal quartzite 
conglomerates referred to here ; another possibility is that it 
should be correlated with the porphyry-bearing conglomerates 
described below (cf. chapters 2.6, 3.2, 3.4.3). : 
For pétrographie descriptions of the above mentioned rocks, see 
chapter 3. The quartzites and conglomerates, here described, are 
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considered to be western equivalents of the basal part of the 
Dividal Group. The underlying diamictites are interpreted to be 
sub-Dividal Group correlatives of the diamictites of the Varanger 
Ice age, present along the thrust front of the Scandinavian 
Caledonides and within the Caledonides of Scandinavia, east 
Greenland and Svalbard (cf. Kulling 1951a, Vidal 1985). These 
correlations above are further discussed in chapter 2.6. 
All sediments overlying these rocks in the windows are either 
clearly thrust or show some evidence of detachment from their 
substrate; they are accordingly included in the Lower Allochthon. 
2.3 Lower Allochthon; Lower Nappe Complex 
The Lower Nappe Complex is exposed along the Caledonian front and 
in two related klippen, Kanisvaratj (Fig.10) and Juobmotjåkkå, in 
the area immediately! adjacent to Stora Sjöfallet. A magnificent 
exposure can be viewed in the vertical cliff sides of the Lulep 
and Kaska Kierkau hills, on the southern shore of Akkajaure SE of 
Stora Sjöfallet. There, the steep, imbricate stacking of the in­
dividual thrust units has been illustrated (Fig.9) by Kulling 
(1964). In his described section, he recognized parts of a 
repeated stratigraphy, composed, from base upwards of quartzite, 
grey phyllitic slate, gritty quartzite to conglomerate, quartzite 
and phyllitic slate. Kulling emphasized that these sediments, and 
others recorded in numerous sections in his 'Lower Thrust Rocks1 
along the Caledonian front, showed pronounced similarities with 
those of the Dividal Group. He therefore (Kulling 1964) proposed 
that they represented western correlatives of the Dividal Group. 
Along the main thrust front, north of Stora Sjöfallet, the rocks 
of the Lower Nappe Complex and the underlying Autochthon are 
mostly covered by scree and moraines. The geology as shown on the 
Main map (Plate I) along the thrust front, is based mainly on the 
Parnejåkkå stream section (Fig.11), several long drillcores and a 
series of shorter ones (Fig.10). The drillcores were made by the 
Swedish State Power Board (Vattenfall) in conjunction with the 
construction of the headrace tunnels 1, 2 and 3 during., the 
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I9601ies and 70'ies. Some of the longer ones have been reported 
by Kulling (1964). 
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Figs. 132 and 133 Sketches of the Kerkau mountain wall facing Lake Langas in the area bL ateen the Salto tourist station and Stora Sjöfallet. Fig. 133 is a more detailed 
study of the central part of the profile in Fig. 132. On. the Sjöfall quartzite of the basement rests some tens of metres of sandstone and shale of the Hyolithus group. 
A gritty conglomerate-sedimentary breccia has been seen in the lowest part of the sediments. Where, however, the breccia occurs could not be exactly determined 
as the border between the sedimentary sequence and the basement was not exposed. Lower thrust rocks with schuppen structure rest on the sediments of the 
Hyolithus group. The rocks have in general been studied along the lip of the rock wall facing Lake Langas. In the rocks of the schuppen nappe the stratigraphy 
can be discerned. Three presumed schuppen boundaries are shown in the diagram, Fig. 133. In Fig. 132 dolomite lenses are included. These show up well in 
the rock wall because of their light colour. The Kerkau summit consists of a flat-lying nappe of cataclastic granite and syenite—a part of the Middle thrust rocks 
Fig.9 Imbricate stacking and repetition of strata within the 
Lower Nappe Complex, exposed in the northern walls of the 
Kerkau mountains south of Stora Sjöfallet (figures and figure 
caption reproduced from Kulling in Strand & Kulling 1972). 
Where headrace tunnel 3 penetrates the Lower Nappe Complex be­
tween Suorva and Vietas (NE of Stora Sjöfallet, Fig.10), Martna & 
Hansen (1986) report tectonic repetitions of quartzite, slate and 
graphitic slates. From the shore of lake Kårtjejaure (Fig.10), 
the Lower Nappe Complex, as represented by the upper parts of 
outcrops of grey slate, thickens towards Parnejåkkå. This slate 
is interpreted to be, at least in part, allochthonous. This is 
based on its tectonically reduced thickness in drillcore E4 
(Fig.10) and some quartz brecciation of the underlying quartzite 
in drillcore 4, just east of this hole (cf. also drillcore 8). 
The deep cut provided by Parnejåkkå through the moraines presents 
a series of tectonic repetitions of grey quartzite, grey slate 
together with black slates or phyllites ofthe Alum Shale For­
mation (Fig.11). These appear to be the direct correlatives of 
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the sedimentary sequence in the underlying Autochthon (cf. 
Thelander 1982). A tectonic thickening of the uppermost black 
phyllites is suggested by their structural thickness, exceeding 
12 0m, and the presence of strings of tectonic lenses of dolomite 
in the upper part. The black phyllites are cut at an angle of c. 
35° by the overlying Akkajaure Thrust (Fig.12). 
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Fig.10 Location of drillcores penetrating Dividal Group and 
Snawa-Sjöfallet 'series' rocks in the thrust front, and 
location of tunnels in the Stora Sjöfallet area. All drillcores 
are mapped by the author except 18, which is mapped by 
M.Moberg, Swedish State Power Board (cf. Kulling 1964). Note, 
only the base of the Torneträsk Formation is approximately 
shown on the map in Kanisvaratj and along the main thrust 
front. The sudden differences in level of this base between the 
neighbouring drillcores E4 & 4, 6 & 10 and 10 & 18 is in­
terpreted to indicate the presence of steep faults. The 
difference in level between the lowest thrust fault in 10 & 18 
suggests that some of the steep faults may have been active 
after the overthrusting. 
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Fig.11 Geologic section through the Caledonian front along the 
stream Parnejåkkå, north of Stora Sjöfallet. Section passes 
from the Autochthon through the Lower Nappe Complex to the base 
of the Akka jaure Nappe Complex. Note unconformable contact be­
tween the sedimentary rocks of the Stora Sjöfallet 'series' and. 
the overlying sedimentary rocks of the Dividal Group. 
1.Grey sandstone, thin basal conglomerate, 2.Grey siltstone 
c.10m, 3.Black alum shale c. 0.5m, 4.Grey siltstone c.10m, 
5.Grey quartzite; quartz-vein brecciated, thin disrupted bands 
of phyllitic black alum shale along thrust, 6.Grey quartzite, 
interlayered by grey slate, 7.Grey phyllite, slightly graphitic 
with tectonic lenses of quartzite, 8.Grey quartzite, massive 
and quartz-vein brecciated, 9.Grey slate, 10.Phyllitic black 
alum shale, <60 /*R/h in lower part, (cf. Fig.12) 11.Grey 
granite, (cf. Figs.12, 85a-c). 
The Middle Cambrian to Lower Ordovician (Tremadoc) Alum Shale 
Formation in Scandinavia is well known for its characteristically 
high contents of uranium, especially in the Peltura Scarabaeoides 
zone of the Upper Cambrian (Andersson et al. 1985). In situ 
measurements of gamma radiation with a portable scintillometer 
(Scintrex BGS-4) identified some anomalous units within the Lower 
Nappe Complex. The lowest units of black slates and phyllites 
along Parnej åkkå gave relatively low values (17-25 yuR/h. A 2-3m 
thick zone c. 2 0m above the bottom of the uppermost unit of black 
phyllites gave values up to 60^uR/h. However, similar rocks 
within the Lower Nappe Complex in 'headrace tunnel 3' between 
Suorva and the Vietas Power Station gave values up to 3 00yUR/h. 
These values suggest the presence of Upper Cambrian correlatives 
of the Alum Shale Formation within the Lower Nappe Complex, and 
their probable absence in the Autochthon. 
Very few fossil-bearing localities have been discovered in the 
Lower Allochthon of the the Norrbotten Caledonides (northern 
Sweden); all are close to the Caledonian thrust front. This is 
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largely due to the high strains associated with the thrusting. In 
the Luopakte mountain, c. 100km northeast of Stora Sjöfallet, 
upper Lower Cambrian fossils are found in lenses of limestone in 
phyllites (Kulling 1964) within the Lower Allochthon. In a second 
locality, east of Gautojaure, 150km southsouthwest of Stora 
Sjöfallet, G.Bexell found fragments of Middle Cambrian trilobites 
(Kulling 1964). However, no fossils have as yet been reported 
from the Lower or Middle Allochthons in the Stora Sjöfallet area, 
or further west (cf. Foslie 1941) . Similarly, no fossil finds 
have been reported from the underlying Autochthon, with the ex­
ception of one locality south of lake Petsaure in the valley 
south of the Kierkau mountains. There, overlying a basal sedimen­
tary breccia and conglomerate and a few meters of dark calcareous 
sandstone, Svenonius (1900) and, later, Kulling (1964, 1982) 
reported the presence of upper Lower Cambrian fossils (Hyolithel-
lus micans, Billings). Svenonius (1900) also mentioned finds of 
the same fossils in a 'few chips of slate below the eastern 
corner of Nieras1. However, since the exact location of these 
finds was not given, it is not known whether they belong to the 
Lower Nappe Complex or the Autochthon. 
The two klippen, Kanisvaratj and Juobmotjåkkå, east of the main 
thrust front, have been described by Svenonius (1900) and Kulling 
(1948,1951a,1964). Only Kanisvaratj has been cursorily inves­
tigated in outcrop by the author, the observations complemented 
by the examination of several drillcores (Fig. 10). On this hill, 
an assemblage mainly consisting of white weathering grey 
dolomites, light grey quartzites and grey slates has been teles­
coped together by folding (axialplanes c. N20E/45-65W) and 
imbricate thrusting over autochthonous grey quartzite (drillcores 
6 & 17) or grey slate and basal arkose (drillcores 10 & 18) of 
the Torneträsk Group (Fig.10). The dolomites occur both as tec­
tonic lenses within the slates and quartzites and as more 
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continuous beds. The quartzites and the dolomites constitute 
minor northeasterly ridges on Kanisvaratj. Kulling also reported 
from this locality, minor occurrences of allochthonous 'tillite­
like sedimentary breccia' and arkosic gravelly conglomerate. A 
17cm thick, autochthonous basal arkose with angular gravelly 
clasts is found in drillcore 10 and with rounded clasts in 
drillcore 18. 
The larger klippe of Juobmotjåkkå, east of Stora Sjöfallet, 
reaches a height of 1132 m.a.s.l. There, Svenonius (1900) and 
Kulling (1964) describe a 150-160m thick Lower Allochthon, con­
sisting of sediments, mainly quartzites and slates, together with 
a sedimentary breccia (?diamictite) and arkose. Tectonic lenses 
of dolomite can be seen in the several hundred meters high ver­
tical cliff-sides of Juobmotjåkkå. These rocks are capped by the 
overthrust granitoids of the Akkajaure Nappe Complex, crowning 
the mountain. 
In the Stora Sjöfallet area, very few occurrences of thrust 
'basement' rocks are found in the Lower Nappe Complex along the 
Caledonian front. No such rocks are found within this unit be­
tween Parnejåkkå and Kårtjejaure or in the 'headrace.tunnels' or 
in the Kanisvaratj and Juobmotjåkkå klippen. Outcrops of the 
Lower Nappe Complex in the latter klippe, however, are largely 
inaccessible in high vertical cliff-sides. However, in his sec­
tion of the hinterland dipping duplex in the Kierkau mountains, 
Kulling identified two sheets of imbricated thrust granite and 
basal arkose. 
West of the Caledonian front, the Lower Nappe Complex is well 
exposed in the Autajaure Window, the Ritsemjaure Window and the 
Tysfjord Culmination. In these areas it is developed as duplexes 
repeating a stratigraphy of 'basement' and cover rocks. The best 
opportunity to identify an original stratigraphy is offered by 
the Ritsemjaure Window where the tectonic dismembering and defor­
mation of rock units is least pronounced. Based on this evidence, 
similar, but less complete sequences may be recognized in the 
Autajaure Window and the Tysfjord Culmination. 
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The degree of deformation of rocks in the Lower Nappe Complex is 
generally higher in the Tysfjord Culmination than in the Ritsem-
jaure and the Autajaure Windows. In the Autajaure Window a 
gradual westward increase in penetrative deformation, grain-size 
and metamorphic grade can be demonstrated (cf. chapter 5). Such 
an increase is not found in the Ritsemjaure Window. 
Protoliths of Precambrian 1 basement' are common in the Lower 
Nappe Complex in these more western areas, being represented by 
granitoids and gabbroids, fine grained dominantly acid por­
phyries, and basic to intermediate dolerites. The dolerites are 
found to cut the banding of the porphyries in a thrust sheet be­
longing either to the Akka j aure Nappe Complex or to the Lower 
Nappe Complex in the Autajaure Window (cf. chapter 4.2.1). The 
granitoids are ddominated by perthitic K-feldspar and are 
lithologically similar to those outcropping in the deepest levels 
of the windows, in the Parautochthon. 
# 
A few units of calcareous micaschists, elsewhere found only in 
the far transported Akkujaure Nappe Complex, occur locally in the 
western upper horses of the Lower Nappe Complex of the Autaj aure 
Window. There, as a consequence of the high strains, their 
original stratigraphie position cannot be determined. However, if 
they are interpreted as correlatives of similar units in the Ak-
kaj aure Nappe Complex, a sub-Dividal Group position may be 
inferred (cf. chapters 2.4, 3.4.2) . 
The most complete and least tectonically disturbed 'basement1 -
cover sequence in the windows is found on land in the center of 
the Ritsemjaure Window (Plate I; Map II). There, a sedimentary 
sequence, deposited on a granite overlain by a grey porphyry, 
begins with a c. 50m thick conglomerate with clasts of porphyry 
and quartzite. Angular to subangular clasts of porphyry up to 
0.5m in length dominate in the basal parts. Upwards, the size 
generally diminishes and clasts of angular to subrounded 
quartzite become common. The matrix changes from silty to quartz-
sandy upwards, and a coarse bedding, c. 3dm to 2m in thickness, 
is well developed. With a sharp contact, this conglomerate is 
followed by a few meters of white quartzite with a basal gravelly 
quartzite conglomerate, overlain by a blue-grey quartzite. Over 
these quartzites follows a quartz phyllite. On Plate I; Map II, 
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the symbols (ticks) for a thrust along the base of this tectonic 
unit are partly lacking (cf. Section II). 
Comparable stratigraphie sequences are found in other imbricate 
tectonic units ('horses', Elliott & Johnson 1980) above and below 
the unit described in the Ritsemjaure Window. In an overlying 
horse further west (Map II), a 150-200m thick unit of porphyries 
thins southwards and, on an island, downstrike from the por­
phyries, a porphyry-bearing conglomerate with large angular 
clasts occurs. On two smaller neighbouring islands, up-section, 
this conglomerate is apparently followed by a white quartzite 
conglomerate, quartzite and quartz phyllite. In a horse below the 
one described in the previous paragraph, granite and porphyry is 
overlain by a thick quartzite, followed by quartz phyllite, 
quartzite, quartz phyllite and graphitic phyllite. Under this 
horse, a similar sequence is found, partly detached from the un­
derlying diamictite, of white quartzite, quartz phyllite, white 
quartzite and graphitic phyllite. However, the upper part of this 
tectonic unit, including the graphitic phyllite and the 
quartzite, is severly disturbed and cut by the hanging wall 
thrust, preventing a direct comparison with the the other 
stratigraphie sequences described here. 
Repetitions of similar sequences, or parts thereof, are found in 
the Autajaure Window. Multiple repetitions of quartzites and 
quartz phyllites are often floored by sheets of mylonitic por­
phyry and sometimes granite. In the eastern, less deformed part 
of the window, a sequence of white quartzite and quartz phyllite 
is followed by at least 3 0m of graphitic phyllite. No anomalous 
values of gamma radiation were found in the latter unit, sugges­
ting that the succession only reaches into the Middle Cambrian. 
In the Tysfjord Culmination and westwards along the coast, clues 
to the original stratigraphy of the cover sediments included in 
the Lower Nappe Complex, may be obtained from its lesser deformed 
basal units. West of Nordvatn, a unit of white orthoquartzite 
overlain by a quartz-mica schist is ramped up onto a unit of very 
similar orthoquartzite. Both units are separated from the under­
lying granite (Parautochthon) by a grey, fine grained phyllonitic 
granite mylonite. The same sequence of quartzite and quartz-mica 
schist are found along the northeastern margin of the Tysfjord 
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Culmination, east of the lakes Skaiddevatn and Coadnejawre. 
Similar repetitions of quartzite and quartz-mica schist, commonly 
underlain by a granite mylonite, are recognized in the basal part 
of the Lower Nappe Complex in Kjelkvikfjell and Butten on the 
Norwegian west coast. Although the quartz-mica schist may be 
slightly graphitic, no graphitic phyllite was found in the 
Tysfjord Culmination. However, just south and below the hill But­
ten, a graphitic phyllite some tens of meters thick, occurs 
together with granite mylonites, quartzites and quartz-mica 
schists, in a very complex zone of polyphase folding and im­
brication. 
In the Lower Nappe Complex of the Tysfjord Culmination, the 
Precambrian 'basement1 is represented, by sheets of grey biotite-
schistose granite mylonites and occasional biotite-amphibolites. 
Interleaved with sedimentary rocks, these units are duplexed 
beneath the Akkajaure Nappe Complex, with its extensive and 
generally thicker sheets of granitoids and discontinuous thin 
sedimentary cover. 
The more deformed and mylonitic quartzites of the Lower Nappe 
Complex in the windows, commonly show yellow or rusty weathering 
surfaces. Brownish, rusty weathering is also typical of the 
quartz-mica schists and phyllites. This is interpreted to be due 
to the combined effect of a strongly tectonized fabric, 
facilitating weathering along pronounced cleavage planes, and 
accessory minute grains of sulfides, mostly pyrite. 
2.4 Middle Allochthon; Akkajaure Nappe Complex 
In the mapped area, the Akkajaure Nappe Complex is subdivided 
into six main"thrust sheets. For convenience, these are numbered 
1 to 6, from top downwards. The basal thrust to each sheet is 
given the same number as the overlying thrust sheet. The thrusts 
(D4) are folded by a sequence of large transverse folds (F3) and 
orogen-parallel F4-folds (chapters 4.3, 4.4). 
The thrust sheets consist mainly of granitoids ; monzonites, 
quartz syenites, alkali granites and granites. These rocks are 
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commonly characterized by perthitic K-feldspar. Very subordinate 
gabbro and diorite occur, brecciated by granite in a few minor 
outcrops (e.g. Fig.18). Xenoliths are rare, but a few outcrops 
with fragments of amphibolite have been found. 
The granitoids are covered by a relatively thin veneer of por­
phyries and metasediments. This cover is locally thickened by 
imbrication into duplexes, the latter including sheets of more or 
less mylonitic granitoids and basic to intermediate dolerites, 
the latter mostly altered to greenstones (e.g. Map III & Section 
III). Such duplexes are locally developed in the upper parts of 
thrust sheets 6, 5 and 4 (Main Map, Section A-A1). 
Acid to intermediate, fine grained porphyries occur within 
duplexes. They also overlie, with primary contacts, the 
granitoids of thrust sheets 6 and 5. In thrust sheet 6, in the 
Ruoksoktjåkka area in the eastern part of the traverse, an acid 
porphyry is overlain by a coarse porphyry conglomerate. This por­
phyry is cut out laterally by the conglomerate, where^the latter, 
at least 100m thick, rests with undisturbed contact on the under­
lying granite. Boulders of granite occur above the contact with 
the underlying granite. Two comparable, but smaller deposits of 
porphyry and porphyry-bearing conglomerate are found on the shore 
of Akkajaure, the first one 1.5km northwest of Luomijåkkå in the 
duplex in thrust sheet 6 and the second in another duplex in 
thrust sheet 5 at the northwestern end of Akkajaure (Plate I; 
Main Map). These porphyry conglomerates are very similar to those 
present on an island in the Ritsemjaure Window, referred to above 
(chapter 2.3). 
Alkaline basic to intermediate, commonly feldspar-porphyritic 
dolerites cut the granitoids and the porphyries. In the least 
deformed eastern parts of the thrust sheets 6 and 5, the 
dolerites are generally steeply dipping or subvertical dikes. 
However, gently dipping sheets are also common, i.e. west of 
Ruoksoktjåkka and west of Karnjelajåkkå. Some of these sheets 
were apparently sills or gently inclined, but most of these 
orientations can be attributed to rotation during thrusting and 
the large-scale folding of the thrust sheets. Towards the west, 
the dolerites are increasingly deformed and west of the 
Sitasjaure-Ritsem tunnel they have generally lost their 
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plagioclase-porphyritic habit, being altered to greenstones and 
greenschists. These greenstones and schists are present in both 
the Lower Nappe Complex and the Akkajaure Nappe Complex all the 
way to the Norwegian coast. 
In no instance have the dolerites been recorded to cut the 
metasediments in either the Lower Nappe Complex or the Akkaj aure 
Nappe Complex. It should be noted that the porphyry-bearing 
conglomerates are significantly less extensive than the por­
phyries and although not seen to be cut by the dolerites, they 
could still be older than the latter. Two minor sheets of schis­
tose greenstones occur within the arkoses on thrust sheet 2 on 
Unna Sekokatj (Plate I; Main Map), parallel with a generally 
strongly developed mylonitic banding. However, due to the 
strongly deformed state of the rocks, tectonic intercalation of 
the greenstones cannot be excluded. In the Akkaj aure Nappe 
Complex, the greenstones are discordantly overlain by the basal 
quartzites, interpreted to belong to the Torneträsk Formation. 
The least deformed contact shows a feldspar-porphyritic 
greenstone, overlain a massive white quartzite belonging to the 
cover of thrust sheet 6 (3 km east of Suorva, at 'P1, Plate I ; 
Main Map). 
A variety of light red to grey arkoses and grey psammites with 
thin pelitic interbeds occur in the cover of all six thrust 
sheets. On Stuor Seukok, a repeated sequence of a basal grey 
psammite with pelitic laminae, overlain by a sequence of brown 
weathering grey quartz phyllites and white quartzite, occurs in 
the duplex in thrust sheet 4 (Map III & Section III) . In several 
cases the basal psammite is seen to pass laterally and upwards, 
east or northeastwards, into white orthoquartzite. This boundary 
is sometimes sharp and sometimes gradual and interfingering. 
Similar psammites are found on Unna Seukokatj, in thrust sheets 
4, 2 and 1. Further north, the same types of cover rocks occur in 
the valley between Alitoaivi and Kätjåive. In this area, attempts 
to distinguish the tectonic units established further south are 
hindered by the lack of intercalated basement rocks and the 
generally high strains, seen as a pronounced tectonic banding of 
the arkoses. Due to the scarcity of exposures around the nor­
theastern end of lake Kätsak, their correlation with tectonic 
units in the Akkaj aure Nappe Complex remains unclear. 
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Northwest of Ritsem and south of Stuor Seukok, slightly red or 
buff grey-white, massive feldspar-rich arkoses are exposed in 
thrust sheet 6 in two antiformal windows. Beneath thrust 5 these 
are overlain by dolomitic calcareous mica schist and white ortho-
quartz ite. In the central part of the traverse in thrust sheets 
6,5 and 4, these calcareous schists occur associated with, and at 
several places also consistently overlain by white or yellow-
white quartzites, the latter commonly mylonitic. Micaceous 
marbles intercalate or replace the calcareous mica schists in 
more westerly pre-tectonic positions. Just east of the national 
boundary, a micaceous marble occurs in thrust sheet 4. Also, a 
similar micaceous marble intercalated with calcareous mica schist 
is underlying a c. 20-30m thick white orthoquartzite in thrust 
sheet 2, at the western end of Akkajaure (Plate I; Main Map). 
The stratigraphie relations between the youngest sediments are 
best studied in the lesser deformed eastern part of the traverse, 
in the Råsse-Ruoksoktjåkka and Maukovare areas (Plate I; Main 
Map). Relatively well preserved stratigraphie profiles ;may be 
studied in the deep canyon-like incision into thrust sheets 6 and 
5, made by the stream Karnjelajåkkå, south of Råsse. The import­
ance of these metasediments and their counterparts in the lower 
part of Karnjelajåkkå was recognized by Svenonius (19 00). In­
terpreted as western correlatives of the Torneträsk Formation 
('Hyolithus Zone1), they were central in the discussion between 
Kautsky (1950,1951,1953) and Kulling (1950b,1951b,1960) regarding 
the short-transported versus long-transported nature of the 
granitoids here included in the Akkajaure Nappe Complex. 
The sedimentary sequence in the upper Karnjelajåkkå is overturned 
and dipping c. 50° N. Small-scale isoclinal folding destroys 
evidence of the original thicknesses and larger folds locally 
cause repetitions in the sequence towards thrust 5. A generalized 
stratigraphy is as follows: 
1-2m Basal diamictite, fragments of granite. Uneven contact 
with subjacent granite. 
c.5m Quartz conglomerate fining upwards to yellow-white 
gravelly quartzite. 
2-4m Grey quartz phyllite 
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Over the quartz phyllite follow isoclinally folded and tec-
tonically repeated blue-grey and white quartzites and quartz 
phyllites. The basal diamictite is of the same type as that in 
the deepest levels of the Ritsemjaure Window (Plate I; Section 
II), exhibiting a similar dark grey pelitic matrix and angular to 
subrounded clasts. Westwards along thrust 5, quartzites are found 
overlying a dolomitic calcareous mica schist (cf. above). Fol­
lowing thrust 5 towards the east and northwards to Ruoksoktj åkka, 
the gravelly quartzite together with the grey quartz phyllite is 
found to overlie porphyry and porphyry-bearing conglomerate in an 
early, sheeth-folded syncline (Figs.70,71). Beneath thrust 4, in 
thrust sheet 5 east of Maukovare, white orthoquartzite is over­
lain by brown-weathering grey quartz phyllite. These are in turn 
overthrust by quartzites, granite mylonites and greenstones, 
constituting a minor duplex beneath thrust 4. 
Graphitic phyllites are only found on the easten part of thrust 
sheet 6. They have not been encountered further west in thrust 
sheet 6, nor in any of the overlying thrust sheets of the Ak-
kajaure Nappe Complex. In the cover of thrust sheet 6, graphitic 
phyllites occur together with grey quartz phyllites, slightly 
graphitic quartz phyllites and quartzites, exposed north of 
Suorva in Luomijåkkå, and west of lower Raivojåkkå near the F3-
fold hinge of thrust 6. In Luomijåkkå, the original stratigraphie 
sequence is highly disturbed and disrupted by isoclinal folding, 
boudinage and repetition by thrusting. The exact stratigraphie 
position of the graphitic phyllite in relation to the accom­
panying quartzites and quartz phyllites is therefore undecided. 
None of these graphitic phyllites display anomalous values of 
gamma radiation. However, their intimate occurrence with the 
other metasediments is interpreted to indicate an original 
stratigraphie association. If so, the continuous stratigraphie 
sequence of diamictite, conglomerate, quartzite and quartz phyl­
lite recorded in Karnjelajåkkå (the same tectonic zone), suggest 
the graphitic phyllite to be younger than and overlying the 
quartz phyllite. Notably, such a position is also in accord with 
the sequence of the Dividal Group in the Caledonian front, where 
the lower part of the Alum Shale Formation is only slightly 
radioactive. 
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Based on these observations, a tentative sedimentary sequence 
post-dating the porphyry conglomerates and basic to intermediate 
dolerites may be suggested as follows, from base upwards ; 
restricted deposits of massive arkoses, calcareous micaschist, 
discontinuous pelite-laminated psammites, white quartzite, quartz 
phyllite and graphitic phyllite. Westwards, the calcareous mica 
schist is probably replaced by a micaceous marble, as observed in 
thrust sheets 4 and 2. Locally, in the eastern part of thrust 
sheet 6, diamictites are found beneath the white quartzite, the 
base of the latter is conglomeratic. These diamictites appear to 
occupy the same stratigraphie position as the calcareous mica 
schists further west. This correlation is supported by a 
gradational relation between diamictites and calcareous mica 
schists in thrust sheet 6, described in detail in chapter 3.4.2. 
2.5 Upper Allochthon; Seve-Köli Nappe Complex 
I ,. 
Not being of primary concern in this thesis, the rocks of the 
Seve-Köli Nappe Complex have not been studied in detail and only 
the basal parts have been mapped. The amphibolite facies rocks of 
the Seve can be seen to wedge out westwards along the northeas­
tern shore of lake Autajaure (Plate l? Map I). The basal part of 
the Seve in this area and the Kallaktjåkkå-Raivotjåkkå area is 
dominated by dark, fine- to medium-grained amphibolites, 
generally carrying garnets. Minor quartz-mica schists and garnet-
mica schists are intercalated with the amphibolites, east and 
west of Raivotjåkkå. Subordinate interlayers of banded quartz-
feldspar-garnet gneisses and schists, coarse banded amphibolite, 
and garnet mica schists are more common northwards along the val­
ley side towards Suorkejaure. Metasediments in the form of 
quartz-feldspar schists, gneisses and various mica schists 
dominate on the high Kallaktjåkkå ridge (1810 m.a.s.l.). 
Eastwards, north of Ruoksoktjåkka, the base of the Seve consists 
of mica schists, generally with garnet. 
In the Kallaktjåkkå-Raivotjåkkå area, the amphibolites are 
mylonitized along the basal Seve thrust. This is seen as a reduc­
tion in grain-size and pronounced tectonic banding. The 
amphiboles and garnets are fragmented and granulated and the 
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matrix minerals recrystallized. From Maukovare and eastwards, 
chloritization of garnets is increasingly common. 
North of Autajaure, the Seve amphibolites are overlain by the 
Köli calcareous garnet-mica schists, passing up into coarse gar­
benschiefer. These garbenschiefer are also encountered further 
west on the top of Kätsåive and in the high mountain of Alitoåive 
(Plate I; Main Map). Intercalated with and underlying the gar­
benschiefer are garnet-quartz-mica schists, the most common Köli 
rocks in the mapped area. Along the basal thrust of the Köli in 
the center of the traverse, these rocks are underlain by a dis­
tinctive zone, including micaceous and graphitic marbles, 
calcareous garnet-mica schists, graphitic quartz-mica schists and 
greenstones. Westwards, these rocks are in their turn underlain 
by more garnet-quartz-mica schists. Thus, the basal Köli thrust 
cuts up-section towards the east, this discordance also implying 
the existence of a thrust between the Köli and the Seve. 
Garnets are generally increasingly Çhloritized towards the basal 
Köli thrust in the center of the traverse. However, west of Ak-
kajaure, this chloritization along the Köli thrust is less 
ubiquitous, decreasing towards Norway. 
2.6 Pre-thrust basement-cover stratigraphy and faulting; 
a working hypothesis 
As described above (chapter 1.4) the rock-sequences found in the 
Lower Nappe Complex are also represented in the Akkajaure Nappe 
Complex and partly in the Autochthon/Parautochton. The 
stratigraphie relationships between these tectonic units of the 
Akkajaure-Tysfjord area have been discussed earlier by Björklund 
(1985) and, for related areas further north, by Björklund (1987)., 
Based on the more detailed information given here, a synoptic 
model for the pre-thrust basement and cover stratigraphy and 
regional stratigraphie correlations can be presented. A west to 
east, in-sequence piggy-back style assemblage of the Akkajaure 
Nappe Complex is assumed, implying that thrust sheet 1 is the 
most westerly derived. Evidence favouring this interpretation is 
presented in chapter 4. 
47 
The sandstones and subordinate interlayered volcanic rocks of the 
Snawa-Sjöfallet 'series' extend westwards from the Autochthon, 
beneath the Caledonian thrust front. They do not reappear on the 
crystalline basement of the Parautochthon in the Ritsemjaure and 
Autajaure Windows, nor in the Rombak-Sjangeli Window further 
north or the Tysfjord Culmination to the west. These sandstones 
with basal conglomerates, overlie the mainly volcanic rocks of 
the Porphyry Group further east in the Autochthon. 
Porphyries, with locally associated porphyry-conglomerates, 
overlie granite in the Lower Nappe Complex in the Ritsemjaure and 
the Autajaure Windows. These supracrustal rocks do not reappear 
in the Tysfjord Culmination or along the coast in Tysfjord. This 
may suggest that they were derived from between the Tysfjord Cul­
mination and the Ritsemjaure and Autajaure Windows. The 
occurrence in the Ritsemjaure window of a polymict conglomerate 
deposited on the parautochthonous granitoid, containing boulders 
of porphyry, indicating a nearby source, supports this * 
hypothesis. 
The presence in thrust sheets 6 and 5 of similar porphyries, 
locally overlain by coarse porphyry conglomerates, indicate their 
pre-thrust occurrence far to the west of the present Norwegian 
mainland. However, the general thinness of the porphyry sheets, 
their local distribution and association with coarse 
conglomerates, suggests that they were preserved only locally in 
outliers on the underlying granitoids. 
The age of the porphyries relative to the underlying granitoids 
is uncertain. It may be argued that the lack of any intrusive 
contacts with the overlying porphyries, the generally concordant 
layering of the latter (although in part tectonic) and the lack 
of xenoliths of porphyry in the granitoids are evidence sugges­
ting that the porphyries are younger than the granitoids. 
However, these are only negative evidence. In the Autochthon, the 
stratigraphie relationships are broadly similar. Witschard (1984) 
has reported that the sandstones of the Snawa-Sjöfallet 'series' 
comprise a basal conglomerate with volcanic clasts, overlying the 
volcanic rocks of the Porphyry Group. The volcanic rocks 
generally rests on granitoids of the Perthite Monzonite Suite, 
but locally they have been shown to be intruded by the granitoids 
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(Witschard 1975). Thus, correlation from the Akkajaure and Lower 
Nappe Complexes to the Autochthon appears well founded. The com­
parable occurrence of porphyry boulder conglomerates on 
porphyries in the Autochthon, suggests that the allochthonous 
porphyry conglomerates of the Akkajaure area constitute basal 
western equivalents to the Snawa-Sjöfallet 'series' rocks. 
Basic to intermediate dolerites cut the allochthonous granitoids 
and porphyries. The spatially and stratigraphically close as­
sociation of the porphyry conglomerates with the porphyries, may 
suggest that the dolerites also post-date the conglomerates. 
However, the limited areal extent of the conglomerates and the 
lack of contacts between these and the dolerites leave their 
relative age relations undecided. The basic to intermediate 
dolerites are overlain unconformably by a sequence of quartzite 
and quartz phyllite correlated with the Torneträsk Group; these 
transgress the porphyries and porphyry-bearing conglomerates, e.g 
in Ruoksoktjåkka and the Ritsemj aure Window. The lack of any 
evidence for dolerites cutting the arkoses and overlying sequence 
of quartzite and quartz phyllite, suggests that the dolerites 
also pre-date these arkoses. 
The tectonic lenses and sheets of dolomite commonly occurring 
within the Lower Nappe Complex in the thrust front (Figs.9,11 & 
12) are notably absent further west (chapter 3.4.2), both within 
the Lower Nappe Complex and the Akkajaure Nappe Complex. Not be­
ing a normal constituent of the Dividal Group, they appear to 
belong to a stratigraphically subjacent unit. Such an in­
terpretation is supported by the observation of clasts of 
dolomite in the diamictites in Kanisvaratj (Kulling 1948,1951a) 
and the Ritsemjaure Window, together with the stratigraphie 
position of the diamictites beneath basal Torneträsk Formation 
correlatives (cf. chapters 2.2, 2.4, 3.4.2). The deposition of 
the diamictites directly on the granitoids west of the Caledonian 
front, also explains the absence there of the dolomites. 
The stratigraphie position of the diamictite and the dolomite is 
occupied in westerly areas (western part of thrust sheet 6 and 
overlying thrust sheets) by a dolomitic calcareous mica schist. A 
gradational lithologie transition between the diamictites and the 
calcareous mica schists, along the cover of thrust sheet 6, is 
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described in chapter 3.4.2. From the western part of thrust sheet 
6 and westwards (thrust sheets 5,4,3,2,1), two different types of 
arenites occur. The first type of arenite, underlying a cal­
careous mica schist followed by a white orthoquartzite of the 
Torneträsk Formation, consists of massive, feldspar-rich arkoses 
(thrust sheet 6). The second and probably younger unit of 
arenites, consists of pelite-laminated greywackes and arkoses, 
having gradual or sharp contacts with the overlying ortho-
quart zites. No calcareous schists have been found between these 
latter arenites and the Dividal Group metasediments. Graphitic 
phyllites, corresponding to the Alum Shale Formation, are missing 
to the west of the eastern part of thrust sheet 6. 
This inferred pre-thrust distribution of sedimentary rocks is 
compatible with established records of late Riphean-Vendian to 
Cambrian sediments deposited along the Baltoscandian margin (Kum-
pulainen & Nystuen 1985, F0yn 1985). The diamictites are 
interpreted to be representatives of the c. 650 Ma BP Varanger 
Ice age tillites and underlain by dolomites in the vicinity of 
the Caledonian front (chapter 3.4.2). The dolomitic calcareous 
mica schists may possibly represent western shallow marine cor­
relatives of the tillites. Also west of the present Norwegian 
coastline, pre-Varanger Ice age massive arkoses occupied local 
basins. Continuing further west, the Dividal Group is underlain 
by broad shallow basins of concordant greywackes and pelite 
laminated arkoses, probably of late Vendian age. 
A basement high with an irregular surface controlled the dis­
tribution of sediments in Autochthon of the the Stora Sjöfallet 
area, where the late Early Cambrian succession (upper siltstone 
member) was deposited unconformably. South of this area, Kulling 
(1972, 1982) and Thelander (1982) reported the occurrence of mem­
bers older than the upper siltstone member and generally thicker 
deposits of equivalents to the Dividal Group. A similar situation 
exists to the north of the Stora Sjöfallet area. This evidence 
led Kulling (1972) to propose that the middle of the Norrbotten 
mountain area was above sealevel for most of Early Cambrian 
times, 'on a peninsula protruding to the west in the Lower 
Cambrian sea'. However, an uneven erosion surface with hills of 
Precambrian basement could locally restrict the deposition of 
upper Vendian sediments to between the hills, as demonstrated 
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160km south of Stora Sjöfallet in the Laisvall area (Ljungner 
1950) and probably also on Kanisvaratj in the Stora Sjöfallet 
area (chapter 2.2). Consequently, the westerly extent of the 
proposed basement high in the Stora Sjöfallet area may well be 
restricted. 
In their report, Martna & Hansen (1986) describe post-
depositional N-S trending and steeply west-dipping faults, 
cutting the upper siltstone member and the underlying Snawa-
Sjöfallet *series1 (Fig.8). The faults were in no case observed 
to affect the Sole Thrust. Displacements of up to 3 5m were 
recorded with general downthrow towards the west. Considerable 
variations in thickness of the upper siltstone member beneath the 
Sole Thrust were found between the faulted blocks. Such faults 
locally severely restrict the thickness of the preserved Dividal 
Group sediments beneath the Sole thrust and the basement (Fig.8). 
The above observations also indicate that faulting was active in 
Cambrian times, but effectively finished with the overthrusting 
of the Caledonian nappes (Hansen in press, Hansen 1988). 
An E-W model for the distribution of metasediments that post-date 
the basic to intermediate dolerites may be suggested from the 
evidence presented above (Fig.13). In the east (the present-day 
Caledonian front) the Dividal Group metasediments rest unconfor-
mably on the rocks of the Snawa-Sjöfallet 'series1 (Fig. 11) . 
Between the Ritsemjaure Window and the Caledonian front, the 
Dividal Group is locally underlain by diamictite and subj acent 
dolomite. The sediments of the Snawa-Sj öfallet 'series' are 
restricted westwards along the axis of the Ritsemjaure Window and 
the Autaj aure Window by a basement high, represented by the 
granitoids overlain only by the western correlatives of the 
Dividal Group and a locally preserved diamictite. Even further 
west, the dolomites appear to be eroded away, only occurring as 
occasional fragments in diamictites. 
A similar 'high1 is postulated to account for the thin succession 
deposited on the granitoids in the Tysfjord Culmination. Between 
these two 'highs', the Dividal Group was deposited partly on a 
relatively thin cover of porphyries and porphyry conglomerates, 
and partly on underlying granitoids (cf. Ritsemjaure Window). 
Similar relationships existed also west of the Tysfjord 'high1, 
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with the Dividal Group overlying granitoids and restricted occur­
rences of porphyries and porphyry conglomerates as seen in thrust 
sheets 6 and 5. 
bfq 
Sst 
b = graphitic phytlites. atum shales A = diamictite A = massive arkose 
f = quartz - phyllites. grey slate m = marble Sst= Stora Sjöfallet 'series' 
q = quartzite s = calcareous schist Pc = porphyry conglomerate 
- — incipient "new" sole thrust a = arkose, greywacke P = porphyry 
Fig.13 Distribution of cover rocks on the granitoids in a ten­
tatively restored (but not balanced') cross-section of the 
Akkajaure-Tysfjord traverse. Numbers refer to the thrust sheets 
of the Akkajaure Nappe Complex defined in Plate I. Rocks of the 
Dividal Group and western correlatives thereof are signified by 
g, f and b. Rocks interpreted to be of Varangerian age are in­
dicated by A, m and s (cf. chapter 3.4). The seguence of 
thrusting and geometry of the thrust sheets is treated in chap­
ter 4. 
> 120 km 
W of Tysfjord 
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3 LITHOLOGY AND PETROGRAPHY 
In this chapter, the general lithological, petrographical and 
geochemical characteristics of the rocks in the Akkajaure Nappe 
Complex, the Lower Nappe Complex and the underlying Autochthonous 
and Parautochthonous basement are described. The effects of 
deformation and metamorphism on these rocks are described in 
chapters 4 and 5 respectively. 
3.1.1 Granitoids and gabbroids 
The Akkajaure Nappe Complex, derived from west of the Tysfjord 
Culmination, represents, together with the basement outcropping 
in the core of the windows, a profile initially probably over 350 
km long, shortened to the present length of 12 0 km (cf. Björklund 
1985). From this profile, twenty-two samples of the least 
deformed granitoids have been selected and analysed for major and 
trace elements (Table 2). Modal minéralogie compositions of the 
granitoids have been studied in c. 100 thin sections. Despite the 
width of the sample profile, the minéralogie and chemical charac­
teristics of the granitoids show gradual variations, suggesting a 
homogeneous and genetically coherent group. 
In outcrop, the granitoids generally have a light grey to red-
grey weathering surface. On fresh surfaces, they are commonly 
considerably darker, with blue-grey or grey to red megacrysts of 
alkali feldspar and interstitial biotite. The least deformed 
granitoids are coarse or very coarse, the size of the feldspars 
commonly being 2-4 cm. Pegmatites are notably rare or even absent 
in the massive granitoids of the windows. Minor quartz-feldspar 
segregations may occur in strongly deformed mylonitic zones. 
However, these are of secondary metamorphic origin. 
Xenoliths are notably uncommon in both windows and allochthonous 
granitoids. Only a few minor xenoliths of amphibolites have been 
observed in thrust sheet 6 in the Nieras area. A xenolith of 
coarse white marble with abundant fluorspar occurs just beneath 
the Sole Thrust south of Mannfjell in the Tysfjord Culmination. 
53 
Similar xenoliths of marble were reported by Foslie (1942) fur­
ther south in the Linnajawre area. 
xl 
$und) 
XI9 
Sample localities for 
Granitoids & Gabbroids (X) cf. Table 2 
Porphyries (•) cf. Table 4 
Fig.14 Map of sample localities for granitoids, gabbroids and 
porphyries. Locality for sample 7 is outside map, in minor win­
dow at Norwegian west coast at Sund northwest of Nordfold. 
Texturally, the massive to gneissic granitoids, sampled for 
geochemistry, are not the most common types in the area. The al-
lochthonous granitoids are generally more deformed, displaying a 
medium to coarse grained mylonitic schistosity, with a pronounced 
WNW-ESE stretching lineation. Towards the thrusts, these rocks 
develop into fine grained planar schistose mylonites. This tex-
tural development is coupled with a metamorphic change in 
mineralogy, mainly involving the partial breakdown of feldspars 
and biotite to white mica, epidote, chlorite and quartz, 
described below (chapters 4.2.4 and 5). 
The massive granitoids of the Ritsemjaure and Autajaure Windows 
are dominated by large anhedral microperthites of K-feldspar 
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without cross-hatched twins (=crthoclase?) and turbid albite. The 
exsolved albite in the microperthites generally occurs as thin 
subparallel anastomosing strings, forming a braided pattern. The 
microperthites are frequently mesoperthitic (Fig.15). In­
terpreting the mesoperthites as an exsolution texture, implies 
that the original alkali feldspars accommodated relatively high 
amounts of sodium, indicating that they formed from a high tem­
perature, hypersolvus type of magma. 
Table 2. Chemical table of granitoids and gabbroids. Sample 
localities are shown in Fig.14. Main element analyses were made 
at the Dept. of Geology, CTH/GU, by traditional wet chemical 
methods adapted_from Asklund et al. (1966) and using inter­
national geological reference standards. H.0~ and L.O.I, (loss 
on ignition, >11000C) were determined gravimetrically. SiO , 
T^ °2 P2°3 were determined colorimetrically and feO 
ana CaO by titration, the other main elements by AAS. Trace 
elements were determined by XRF, at the Dept. of Geology, Ber­
gen, using international geological standards for reference. 
TABLE 2 .  Chemica l  ana lyses  of plu ton ic  rocks  
Parau toch thonous  g ran i to id s  and  gabbro id  In  windows  Ai lochthonous  g ran  i  t o  ds  and  
Loca l  i  t y  1 2  3  4  5  6  7  8  9  10  1 I  
Samp 1e  L  73  :28  175 :81  L75  89  •  1 -75:33b  i - 77 :59  L78:22b  L73:89  173:22  L73  = 43  L75 :74  L75:85  
S iO 66 .36  68 .94  48  51  72 .64  69 .52  72 .22  69 .17  63-36  61  .23  63 .39  63 .92  
T
'°2 0 .58  0 .47  1 78  0 .36  0 .36  0 .35  0 .34  0 .56  0 .49  0 .27  0 .53  
AI 2 0 13 .86  14  67  12 .28  13 .45  12 .4Ç 14 .56  16 .86  18 .68  14 .41  15 .88  
F E 2°3 1 .76  1 .14  6  61  1 .21  0 .39  0 .48  0 .99  2 .06  1 . 62  0 .82  1 . 77  
FeO 2 .05  3 .04  7  38  1 .25  2 .48  1 .34  1 . 67  2 .33  1 .52  1 .41  1  . 90  
MnO 0 .06  0 .06  .  0  22  0 .05  0 .06  0 .06  0 .06  0 .08  0 .07  0 .05  0 .08  
M gO 0 ,6 5  0 .55  3  49  0 .17  0 .18  0 .18  •  0 .51  1 .20  0 .83  0 .55  0 .68  
Ca O 2 ,30  2 .66  7  84  1 .5 4  2 .38  1 .26  2 .24  3 .78  3 .08  2 ,52  3 .22  
Na 2 0  IT.45  3 .51  4  57  3 .83  3 .34  4 .03  4 .29  4 .58  5 -85  4 .11  4 .21  
K 2 0 5 .44  5 .61  1 71  4 .38  5 .44  4 .84  5 .13  3 .16  4 .63  4 .03  5 -32  
L.0 .1 .  1 .13  0 .69  2  20  0 .6!  0 .80  0 .94  0 .49  1 .42  1 .24  K39  1 . 56  '  
H /  0.17  0 .03  0  10  0 .07  0 .10  0 .13  0 .04  0 .02  0 .03  0 .13  0 .35  
P 2°5  0 .  l i t  0 .09  0  76  0 .04  0 .06  0 .04  0 .05  0 .09  0 .08  0 .09  '  0 .13  
SUM 100 .02  100 .65  99  60  98 .94  99 .06  98 .82  99 .54  99 .55  99 .35  98 .72  99-55  
Rb 132 18 1  179  - 162  - - 144  -
Sr  151  102  36  - 43  - - - 360  -
Zr  427 424  532  - 567  - - - 137  -
M b 21  ,  28  38  1 
-
38  - - - 11 -
Y 43  50  78  - 83  - - - 11 -
La 90  131  102  - 107  - - - 25  -
Ce 156 248  174  - 195  - - - 45  -
Nd 77  102  77  - 94  - - - 13  -
Ni  nd  <5  nd  
-
nd  
- -
-
nd  
-
Cr  nd  nd  nd  
• V r ' "K nd  - - - nd  -
v /  M ?n  16 - 17 - - - 28  -
Zn 65  80  38 - 55  - - - 41 -
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Independent crystals of albite are less common, but do occur. 
Anhedral undulose quartz with subgrains, and minor recrystallized 
granular and polygonal quartz form c. 10-3 0% of the rocks. Green 
to olive green, primary biotite commonly recrystallized to finer 
grained aggregates, occurs together with accessory sphene, mag­
netite and zircon, and occupies the interstices between the 
megacrysts of microperthite. Apatite and epidote are more rare as 
accessories in the massive granitoids. 
In the Tysfjord Culmination, alkali feldspar megacrysts consist 
of microperthites of microcline with cross-hatched twinning 
and inclusions of either patchy turbid untwinned albite or well 
twinned albite. Other common megacrysts are albite with polysyn-
thetic twinning and undulose quartz. The matrix is composed of 
anhedral, generally strain-free, microcline with cross-hatched 
twinning, twinned albite and commonly granoblastic, non-undulose 
quartz, all with low energy non-serrated grain-boundaries 
(Fig.16). Green biotite commonly with inclusions of zircon, 
T A B L E  2 .  c o n t .  
d î o r  i  t e s  i n  A k k a j a u r e  N a o p e  C o m p l e x  
1 2  1 3  I k  1 5  1 6  1 7  1 8  1 9  2 0  2 1  2 2  
1 7 6 : 5 3  L 7 6 : 6 3  1 7 6 : 8 5  1 7 6 : 8 8  L 7 7 : 5 7  L 7 7 : 6 0  1 7 7 : 6 4  L 7 7 . - 6 6  1 7 7 : 6 8  L 7 8 : 1 7  1 7 8 : 2 5  
7 5 .  1 4  7 3 . 8 9  5 4 . 7 7  6 8 . 0 0  6 8 . 9 2  6 7 - 3 5  6 5 . 9 6  6 9 . 0 1  6 9 . 3 2  6 5 . 4 6  6 5 . 4 9  
0 . 0 6  0 . 3 5  0 . 7 2  0 . 3 8  0 . 4 7  0 . 3 4  0 . 6 7  0 . 4 4  0 . 5 1  0 . 4 4  0 . 6 9  
1 2 . 6 1  1 1  . 9 4  1 6 . 8 2  1 5 . 4 6  1 3 . 7 9  1 5 . 4 0  1 5 . 2 4  1 3 . 5 3  1 3 . 7 8  1 5 . 7 0  1 4 . 2 7  
0 . 0 6  O A S  2 . 1 0  0 . 9 8  1  . 3 3  0 . 9 5  1  . 5 9  1 . 0 8  1 . 0 3  1 . 1 1  2 . 4 7  
0 . 3 3  1 . 5 2  6 . 0 4  1  , 6 3  2 . 7 1  1 . 4 1  2 . 8 8  2 . 0 6  2 . 4 5  2 . 8 6  2 . 7 1  
n d  0 . 0 9  0 . 1 3  0 . 0 6  0 . 0 9  0 . 0 3  0 . 1 0  0 . 0 7  0 . 0 8  0 . 0 9  0 . 0 9  
0 . 0 5  0 . 2 0  3 . 2 8  0 . 4 8  0 . 3 7  0 . 3 0  0 . 4 4  0 . 3 7  0 . 4 0  0 . 5 5  0 . 9 4  
n d  0 . 9 8  5 . 7 4  1 . 6 8  1 . 8 2  1 . 2 6  2 . 2 4  1  . 8 2  2 . 2 4  2 . 2 4  2 . 9 4  
3 . 3 2  1 ( . 1 0  4 . 7 3  4 . 3 2  3 . 8 4  4 . 9 5  4 . 3 8  3 . 9 8  3 . 9 4  5 . 5 2  4 . 1 7  
i t .  7 1  4 . 7 4  2 . 5 1  5 . 3 5  4 . 9 0  5 . 5 3  5 . 6 !  5 , 4 2  4 . 5 4  5 - 5 2  5 . 0 3  
1 . 1 4  ! .  1 1  1 . 4 2  0 . 6 6  '  1 . 1 8  1  . 2 1  0 . 7 7  1  . 5 0  1 . 3 6  0 . 7 6  1 . 0 0  
0 . 1 1  0 . 1 4  0 . 2 5  0 . 0 4  0 . 2 6  0 . 3 2  0 . 0 4  0 . 3 9  0 . 1 9  0 . 2 8  0 . 0 4  
0 . 0 6  0 . 0 3  0 . 2 9  0 . 0 5  0 . 0 9  0 . 0 4  0 . 0 9  0 . 0 6  0 . 1 1  0 . 1 7  0 . 3 1  
9 8 . 0 9  9 9 - 4 9  9 8 . 8 0  9 9 . 0 2  1 0 0 . 3 8  9 9 . 0 9  1 0 0 . 0 1  9 9 . 7 3  9 9 . 9 5  1 0 0 . 7 0  1 0 0 . 1 5  
2 3 4  - - - - 1 2 2  - - 1 3 7  - -
8  k  - - - - 8 7  - - 1 5 5  - -
1 6 8  - -
" 
- 3 6 3  - - 4 8 6  - -
3 9  - - - - 2 0  - - 2 5  - -
2 1  - - - - 2 0  - - 4 2  - -
4 3  - - - - 4 0  - - 3 4  - -
5 0  ' - - - - 7 3  - - 1 6 1  - -
6  
- - - - 2 7  - - 8 5  - -
n d  - - - n d  - ' - n d  - -
n d  - - - - n d  - - n d  - -
< 5  - - - - 1 7  - - 2 6  - , -
< 5  - - - - 3 2  - - 6 8  - -
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is associated with sphene, epidote, magnetite and minor apatite. 
West of the Caledonian nappes along the Norwegian coast, the 
microperthites, so common inland, appear to be less ubiquitous 
and are commonly absent. Instead, the above referred textures and 
mineralogy common for the matrix of the Tysfjord Culmination 
granitoids are found to characterize the whole rock (cf. Foslie 
1942) . In the Tysfjord Culmination and westwards, the granitoids 
are commonly deformed by a weak, but penetrative gneissic 
foliation, striking NNE with subvertical dips. 
tfÀ# 
Fig.15 Mesoperthite with braided pattern of strings of albite 
(thin white strings in picture). Large grain include grain of 
mesoperthite, twinned according to the Karlsbader law. Coarse 
grained granite from the core of the Ritsemjaure Window. Thin 
section (+nic). 
In conclusion, the basement granitoids display a gradual westward 
recrystallization of orthoclase(?) microperthites to microcline 
microperthites with cross-hatched twinning, and a successive dis­
appearance of the microperthites by recrystallization to a more 
equigranular aggregate of microcline with cross-hatched twins, 
quartz and albite associated with a development of a generally 
weak gneissic foliation. 
A similar east-west mineralogical development is found in the 
lower, less mylonitized thrust sheets of the Akkajaure Nappe 
Complex. Textures and mineralogy corresponding to those found in 
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Fig.16 Slightly gneissic Tysfjord granite, annealed texture with 
abundant microcline showing cross-hatched twinning and few 
mesoperthites. Thin section (+nic). 
Fig.17 Pre-tectonic dark blue-green to grass green sodic am­
phibole; large crystal in center with recrystallized clear rim. 
Center of crystal, with inclusions of epidote, zircon and 
sphene, is altered. Thrust sheet 4 or 5, southern shore of 
northwestern end of Akkajaure. 
the Ritsemj aure and Autajaure Windows are found in the eastern 
part of the traverse, in the Nieras area in thrust sheets 5 and 
6. In the central parts and westwards, the mylonitic deformation 
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is seen as an extensive recrystallization and formation of 
subgrains in quartz, albite and biotite, and a neocrystallization 
of phengite, epidote and chlorite. Microperthites decrease in 
size by a combination of development of subgrains and cataclastic 
microbrecciation, leaving the microperthites less frequently ob­
served in the more deformed granitoids. In Norway, the chlorite 
disappears and is substituted by olive brown to brown biotite. At 
Törnes in the Tysfjord area (Plate I; Main Map), the coarser 
grained allochthonous granitoids of the Akkajaure Nappe Complex 
comprise a similar mineralogy and texture as the underlying 
basement. These observations demonstrate that the original mag-
matic texture and mineralogy of the granitoids are obscured and 
gradually replaced towards the west. 
Table 3. Rittmann norm calculated for granitoids and gabbroids 
from chemical analyses in Table 2. Roman letters = norm for wet 
Plutonic rocks, italics - norm for dry plutonic rocks. See text 
for further explanation. 
TABLE 3- Rittmann norm of plutonic rocks 
Parautochthonous granitoids and gabbroid Allochthonous granitoids and 
loca1 i ty 
Sample L73.:23 
2 
175:8! 
3 
L75:89 
4 
L75:3Zb 
5 
1.77:59 
6 
L78:22b 
. 7 
L78:89 
8 
L73 :22 
9 
L73:43 
10 
L75:S4 
11 
L75:85 
qz 14.5 21.2 - 28.8 24.5 27.3 19.8 16.8 2.6 • 24.3 12.5 
orth 75.5 53.0 - 36. o 52.3 68.1 51 .5 22.4 43.3 37.7 49.4 
pi ag 1.4 17.3 27.1 
-
17.4 
-
22.8 50.2 46.3 32.4 29.5 
cpx o. 7 2.6 3.S 3-9 2.9 2.4 - - - 1 .5 
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16.0 . 
-
- - - - -
- -
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- - 3.0 - - - - - - - -
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- 3-9 0.9 - 0.4 0.2 2.3 4.0 6.0 4.4 5.0 
b i 
-
- 23.5 
- - - - 4.9 - -
mt 1.1 1.1 5.3 0.6 0.9 0.6 0.7 1.1 1 .0 0.6 1 .0 
i Im 0.4 0.1 1.5 0.2 0.2 0.2 0.1 0.2 - - 0. 1 
sph 0.1 0.6 - 0.1 0.2 OJ 0.3 ' 0.3 0.7 0.4 0.7 
ap 0.3 0.2 3.3 0.1 0.1 0.1 0. 1 0.2 0.2 0.2 0.3 
mel an i te 
-
1 
- 19.5 - - - - - - - -
musc 
- - ~ 
. 
- - - - - -
cord 
-
- -
-
'M1' - - - - - -
C. 1. 3. 5 3.5 72.9 • 4. 6 5.8 4.1 6.0 10.6 7-3 5.6 8.6 
name az alkali 
syenits 
syeno 
granite 
Mela-ol-
bear i ng 
nor i te 
alkali, 
gvanite 
syeno 
g ran i te 
a 1 ka 1 i 
gran i te 
syeno 
gran i te 
leuco qz-
monzo 
diori te 
1 euco 
monzon i te 
monzo 
gran i te 
1euco qz 
monzon i te 
The presence in the granitoids of clinopyroxene and hornblende is 
suggested by the Rittmann norm (Table 3). In thrust sheet 6 south 
of the Autajaure Window, late crystallized deep blue green 
aegirinitic hedenbergite encloses smaller alkali feldspars and 
quartz. Further west, long laths of deep blue green to yellow 
green hastingsite or possibly riebeckitic hornblende occur in the 
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less deformed lower parts of the Akkajaure Nappe Complex 
(Fig.17). Similarly, Vogt (1941) mentioned the Tysfjord granite 
to be a typically 'grey prominently potassic granite, partly with 
hastingsitic hornblende1 (author's transi.). Foslie (1941,1942) 
also found 'hastingsitic amphibole' to be characteristic for the 
Tysfjord granite and in some of the coarser grained overlying 
(allochthonous) sheets of granite. Thus, accessory, sodic am­
phiboles and pyroxenes are found to be typical in both the 
parautochthonous and allochthonous granitoids, being common in 
the western parts, but less common eastwards. 
Only a few minor outcrops of gabbroids and diorites occur in the 
mapped traverse. A medium grained diorite (sample L76:85, 
Table 2), magmatically brecciated by a granite (Fig.18) is found 
south of the arkose on the shore of Akkajaure, shown east of the 
first 'A* in AKKAJAURE on the Main Map (Plate I). On the southern 
TABLE 3. cont. 
diori tes in Akkajaure Nappe Complex 
1 2  
L 7 6 : 5 3  
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shore of Sitasjaure, a few smaller outcrops of a dark coarse 
grained gabbro occur (sample L75:89, Table 2) within the (cf. 
chapter 2.2) Sitasjaure (?) Window (Plate I; Main Map). The gabbro 
is mylonitized to a greenschist grade phyllonite along its mar­
gins. The central cparse gabbro consists of subhedral 
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orthopyroxene with magnetite inclusions, extensively recrystal-
lized anhedral clinopyroxene and megacrysts of brown biotite with 
ubiquitous inclusions of euhedral, up to 1.5 mm long, apatite 
prisms. Heavily saussuritized albite megacrysts and alteration 
products of the femic minerals, such as chlorite and talc (from 
olivine?), constitute the rest of the rock. 
Fig.18 Diorite magmatically brecciated by granite, on the shore 
of Akkajaure. East of capital 'A1 in Akkajaure on Plate I, Main 
Map. Hammer is 0.5m long. 
In the Tysfjord Culmination, Foslie (1942) reported the common 
occurrence of dike-like sheets of metabasic rocks, steeply dip­
ping and striking c. N-S. The coarser rocks consist of 
recrystallized hornblende-gabbro, with transitions to 
greenschists and more undefined biotite-schistose stripes in the 
granite. These rocks were reported to have been intruded by 
granite, and are locally also broken up into trains of angular 
xenoliths. 
The modal mineralogy of the coarse or very coarse granitoids, as 
calculated from point-counting of single thin sections, is apt to 
give less reliable estimates of bulk mineralogy. Also, the 
metamorphic breakdown of primary to secondary minerals displaces 
the plot of the granitoids in the QAPF diagram (Streckeisen 
1976). Therefore, normative minerals according to Rittmann (1973) 
were computed (S.Larkin, Swedish Geological Survey - Uppsala) 
from the major element analyses; they were then plotted in the 
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Streckeisen QAPF diagram (Fig.19). Both the 'wet' and 'dry' Rit­
tmann norms were calculated to check the effect of water. Most of 
the results are presented according to the 'wet' norm (Roman let­
ters) in Table 3. 
Rittmann norm of plutonic rocks s 
• parautochthonous rocks dry plut 
• — - wet plut 
O allochthonous rocks dry plut 
• —— wet plut 
WiMMi 
Fig.19 Granitoids and gabbroids plotted in the QAPF diagram using 
Rittmann normative minerals. See text for explanation. 
However, for four samples the wet norm could not be calculated, 
and the dry norm is given instead (in italics, Table 3). This may 
happen if, by an analytical error, Al is too low (by some l/10ths 
%) and is thus not able to accommodate all the Ca to form anor-
thite. For comparison, both the 'wet' and the 'dry' norms are 
plotted in the QAPF diagram (Fig.19). The computed transfer of K, 
Na and Ca from alkali feldspar mainly to biotite, amphibole and 
plagioclase producing a minor surplus of quartz is reflected by 
the displacement away from the QA line of the 'wet' relative to 
the 'dry' norms. As can be seen from the QAPF diagram, a minor 
analytical error in Al will not significantly influence the 
granitoids from plotting along an alkali or alkali-calcic trend 
(Fig.19) . 
The observed mineralogy corresponds well with the computed 'wet1  
Rittmann norm, with the exception that green Fe-biotite is 
generally present while amphibole and clinopyroxene are only 
rarely found. However, this may be due to metamorphic alteration 
during thrust-induced deformation. Notably, all computed Rittmann 
norms are characterized by sphene, magnetite and minor ilmenite, 
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while muscovite, cordierite, corundum and Al2Si05 minerals are 
absent in all samples except L76:53 (Table 3). This sample also 
contains black tourmaline and fluorspar. Tourmaline in magmatic 
rocks has only been observed elsewhere in a quartz-vein in the 
greenstone sheet outcropping in the Ritsemjaure Window. Impreg­
nations of fluorspar are common along the Sole Thrust in the 
Tysfjord Culmination. Fluorspar is also reported to be a common 
constituent in the underlying Tysfjord granite (Foslie 1941,1942, 
Kautsky 1953). Fluorspar is also recognized in the allochthonous 
granitoids, but appears to be more common in the lower units of 
the Akkaj aure Nappe Complex and characteristic of the parautoch-
thonous Tysfjord granite. 
The mineralogy of the granitoids described here, is generally 
consistent with a deep-seated plutonic source rock with little or 
no contamination by supracrustal rocks. Specifically, the 
described paragenesis and textures are regarded as characteristic 
for A-type post- or anorogenic granites (Collins et al. 1982, 
Pitcher 1983). The interstitial occurrence of biotite and the 
poikilitic late growth of sodic clinopyroxene and amphibole sug­
gest that the granitoids crystallized from initially relatively 
dry and hot magmas. 
Fig.20 Granitoids and gabbroids (Table 2) plotted and compared 
with the Hughes (1973) •igneous spectrum1. All rocks fall 
within the spectrum. By comparison, a high percentage of the 
supracrustal porphyries scatter outside the spectrum (cf. 
Fig.28). 
12 
• granitoids, windows 
gabbroidj ? 
• granitoids, 
allochthonous 
1QQ(K20/K20 * Na 20) (wt%/wt%) 
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Fig.21 Plot of granitoids and gabbroids in R1-R2 diagram (de la 
Roche et al. 1980), signs as in Fig.20. The position of some 
minerals are shown for comparison, their calculated theoretical 
R1-R2 values from De la Roche et al. (1980). Plot of quartz is 
outside diagram at R1,R2 (+6666,0). Reference fields of type 
granitoid series for reference, shown by oblique hatching, are 
taken from Bowden et al. (1984). 
All samples plot within 'Hughes igneous spectrum' (Fig.20), sug­
gesting no significant alkali alteration of the rocks (Hughes 
1973). In the QAPF diagram (Fig.19), the bulk of the plutonic 
rocks are classified as quartz syenites, granites, quartz-alkali 
syenites and granites as well as subordinate monzonites, monzo 
diorites and monzo gabbros. This classification is corroborated 
by the R1-R2 plot (de la Roche et al. 1980), the rocks in their 
terms mainly being restricted to the fields of granite, quartz 
monzonite, quartz syenite and alkali granite (Fig.21). The more 
basic rocks plot as syeno diorite and monzonite. Both diagrams 
indicate an alkalic trend. For comparison, in the R1-R2 diagram 
they follow a trend intermediate between the Donegal Caledonian 
post-orogenic granites and Niger-Nigerian anorogenic A-type 
granites (cf. Bowden et al. 1984), but closer to the latter. The 
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essentially alkalic trend is also indicated by the alkali-lime 
index (Fig.22) of Peacock (1931). In the three diagrams (Figs. 
19,2 0,22), the comparatively rare basic plutonic rocks are con­
formable to this trend. This is interpreted to suggest a genetic 
relation between these basic plutonic rocks and the granitoids. 
0.2 H 
alkal ic-  calc-
alkalic xcalcic  i alkal ic  .  calcic  
o -0.2 -CM 
•  grani toids ,  parautochth.  
in  windows 
a -0.6 -
* gabbroid,  
•  grani toids ,  a l lochthonous 
Akkajaure Nappe Complex 
Ü! 
-0.8 -
-1.0 -
Wt% SiO. 
Fig.22 Plot of granitoids and gabbroids, showing alkali-lime in­
dex according to Peacock (1931). Reference line indicates 
alcalic calcic character (=52) of the plotted granitoids-
gabbroids (51< alcalic calcic <56). 
The general rareness or lack of metasedimentary xenoliths and 
relative dominance of metabasic igneous rocks as xenoliths sug­
gest that the crustal source for the granitoids was dominated 
mainly by igneous rocks. This is supported by a high arithmetic 
mean ratio Na/K = 1.39 (molec. prop.) with C n^=0.43 (White & Chap-
pel 1977) . Also, the calculated arithmetic mean ratio Al/Na+K+ICa 
(molec. prop.) is 0.95 for the parautochthonous granitoids and 
gabbroid (Fig.23). Values < 1.1 were considered by Chappel & 
White (1974) to be consistent with igneous crustal source rocks. 
Individual ratios, slightly higher for the allochthonous than for 
the parautochthonous granitoids, give a mean ratio of 0.99 for 
all plotted plutonites. The above ratios indicate a metaluminous 
to weakly peralkaline character as defined by Shand (1927). 
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Fig.23 Plot of granitoids and gabbroids. Symbols as in Fig.20. 
The ratio of molecular proportions K = Al/Na+K+|Ca is shown as 
a reference line where K=1.0. The arithmetic mean K is given 
for parautochthonous granitoids and all plotted granitoids and 
gabbroids, respectively. 
Trace elements were analysed on some of the samples by XRF at the 
Geologisk Institutt, Bergen, Norway (Table 2). Some of the highly 
charged cations and Zn have been plotted against Si02 in Fig.24. 
The concentrations of these elements in the allochthonous 
granitoids tend to be lower but still transitional to the values 
for the parautochthonous granitoids. Furthermore, an asymmetric 
grouping of the window granitoids, as compared with the bulk of 
the granitoids, is found in the alkali-lime diagram (Fig. 22). 
These features may be an effect of the ionic radii of Ce, La, Y 
and Nb being more compatible with Na and Ca than with K. The 
concentrations of Ce, Zr, Nb, and La are generally high. Their 
abundances are comparable to those of the Australian A-type Gabo 
and Mumbulla suites, being characteristically higher than in the 
neighbouring and earlier intruded I-type Bega Batholith (Collins 
et al. 1982). The abundance of fluorine, as indicated by mega-
and microscopic CaF2, appears to vary in the granitoids, with 
generally higher contents in the parautochthonous rocks. An ex­
cess of alkalis over Al in fluorine-rich A-type melts, have been 
suggested to favour the formation of alkali-fluorine melt 
complexes with elements such as REE, Ce, Y, Zr, Nb (Collins et 
al. 1982). It is suggested that the tendency to higher abundances 
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of these elements in the parautochthonous granitoids may be at­
tributed to this effect. There is a general scarcity of published 
trace element analyses of relevant granitoids from the areas to 
the west and east of the Akkaj aure-Tysfj ord area, in particular 
the element Ga, so characteristic for A-type granitoids (cf. Col­
lins et al. 1982). This seriously hampers any discussion of 
regional tectonic context and genesis of the plutonic rocks. 
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Fig.24 The highly charged trace elements Nb,Y,Ce,Zr,La and Zn 
plotted against SiO_ for some granitoids (Table 2). Abundances 
of Ce,Zr,Nb and La in the parautochthonous granitoids compares 
especially well with the typically high values of the A-type 
Australian Gabo Suite (G) and Mumbulla Suite (M). By contrast, 
values for the I-type Bega Batholith (I) are typically markedly 
lower (Collins et al. 1982). However, values for Zn are com­
parable to those of the Bega Batholith, while those of Y show 
no preference. 
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For comparison with the granitoids described above, the Perthite 
Monzonite Suite outcropping in the basement, east of the thrust 
front, have been plotted in the R1-R2 diagram (Fig.25). These 
rocks display a primary modal mineralogy and textural development 
similar to that of the granitoids of the Akkajaure-Tysfjord 
traverse (cf. Witschard 1975, Witschard 1984). These similarities 
between the two groups of granitoids are further emphasized by 
their practically identical geochemical trends in the R1-R2 
diagrams (Figs.21,25). 
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Fig.25 Comparison in the R1-R2 diagram'(de la Roche 1980) of 
related granitoids from areas adjacent to the Akkajaure-
Tysf jord traverse. Dots represent samples of the Perthite 
Monzonite Suite from the Fjällåsen area c. 50km east of Stora 
Sjöfallet (R1-R2 calculated from Witschard 1975). Crosses 
represent areally weighted mean averages of Mangerite Series 
rocks from the Lofoten area (R1-R2 calculated from Griffin et 
al. 1978, S=S0berg, H=Hopen Charnockite, R=Raftsund Mangerite, 
SW= 'SW Lofoten1 including rocks from Vestvåg^y and Flakstad^y, 
M=average Mangerite series). Range of 23 chemical analyses 
(Griffin et al. 1974) of the Raftsund Mangerite is shown by 
fine dotted area. For comparison, the range of the Tysfjord-
Akkajaure granitoids and gabbroids is shown by a field of 
diagonal ruling (cf. Fig.21). : 
Plotted values in Fig.25 of the Raftsund mangerite and mean 
analyses of other granulitic charnockites-mangerites of the 
Lofoten area indicate a compatible, but generally more restricted 
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Fe-rich and Si02-intermediate geochemical character for these 
rocks, as compared with the Tysfjord-Akkajaure granitoids and the 
Perthite Monzonite Suite. The magmatically layered Raftsund man-
gerite (eastern Lofoten) and the similar mangerite on Hammarby 
(mainland west of Tysfjord) in contact with the Tysfjord granite, 
display a mineralogical succession from an augite-pigeonite-
plagioclase-mesoperthite to a hedenbergite-fayalite-mesoperthite 
assemblage (Griffin et al. 1974). This mineralogy seems to in­
dicate an analogous but 1 drier1 development as compared with the 
Tysfj ord-Akkaj aure granitoids and the Perthite Monzonite Suite in 
the east. The alkali-lime indices (between 50-53) of the Lofoten 
charnockites-mangerites (Griffin et al. 1978) together with their 
compatible geochemical character as demonstrated in the R1-R2 
diagram (Fig.25), constitute further evidence for an intimate 
association with the granitoids further east in the area treated 
here. 
Based on a slightly, but distinctly, higher 87Sr/S6Sr initial 
ratio of 0.71151 for the Tysfjord granite (1742 ± 46 Ma) as com­
pared to the mangerites of Lofoten and the adjacent Hamar^y area, 
Andresen & Tull (1986) suggested that their relationship was not 
a simple comagmatic one. They favoured a derivation of the 
Tysfjord granite by partial melting of the lower to middle crust, 
induced by the intrusion of the mantle?-derived mangerites. This 
interpretation is also consistent with an origin of the Tysfjord-
Akkaj aure granitoids from hypersolvus magmas and relatively dry 
types of melt. 
The Lofoten mangerites have been compared with the 1rapakivi 
granite• suites of S. Greenland and Finland and interpreted to 
represent 'post-tectonic magmatism in a non-orogenic, tensional 
environment1 (Griffin et al. 1978). The textural, mineralogical 
and geochemical evidence for an A-type magmatic character, sug­
gested here for the Tysfj ord-Akkaj aure granitoids and the 
Perthite Monzonite Suite, support this interpretation. From this, 
a picture emerges of a wide belt of c. 1800-1.650 Ma post- or an-
orogenic intrusions, originally extending from east of Akkaj aure 
to west of Lofoten, a distance in the order of 500-600 km. A fur­
ther correlation with comparable post-orogenic intrusions on 
Greenland may also be suggested (cf. Bridgwater & Windley 1973). 
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This tectonic model also corroborates a general linking south­
wards with the rocks of the Transscandinavian Granite Porphyry 
Belt (Gorbatschev 1985). 
3.1.2 Porphyries 
The porphyries, mainly acid, are found in duplexes in thrust 
sheets 6 and 5 of the Akkaj aure Nappe Complex and in the Lower 
Nappe Complex (Plate I, Fig.13). Where little affected by 
deformation-induced alteration, the porphyries are macros-
copically aphanitic, with tiny l-4mm euhedral, grey to light red 
alkali feldspars and commonly euhedral magnetite. Colours vary 
from green-grey, dark to light grey and bluish grey and more sel­
dom reddish grey. When deformed, neocrystallized mica gives the 
porphyries a soft white weathering surface, irrespective of the 
original colour. This phenomenon is well exposed along the shore 
and read-side below the Suorva dam (Plate I; Main Map). 
Road-
Fig. 26b Light grey acid porphyry, rich in mm-size feldspar 
phenocrysts, and with dark irregular sub-parallel fiamme 
cut c. 2km northwest of thrust front. 
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Under the microscope, the porphyries display phenocrysts of 
alkali feldspar and albite. These are generally euhedral and may 
occur singly or in glomeroporphyritic clots (Fig.26a,b). Micro-
and mesoperthitic textures are frequent in the alkali feldspars. 
The phenocrysts are set in a very fine grained mostly well 
banded, partly cryptocrystalline matrix. Somewhat coarser 
granoblastic bands occur separately or accompany the phenocrysts 
as extensive tails. At least part of these may have originated as 
axiolites. The matrix is commonly studded with very small 
euhedral opaques, probably magnetite. 
Fig.26a Dark acid porphyry, with euhedral phenocryst of patchy 
microperthitic alkali feldpar, twinned according to the 
Karlsbader law, oriented parallel to well banded very fine 
quartz-feldspar matrix. Pulled-apart grains of microperthite 
with recrystallized quartz in interstices indicate tectonic 
stretching along foliation in matrix. The comparably little 
metamorphic alteration is seen as general absence of neocrys 
tallized white mica and only sparse thin streaks of 
recrystallized coarser quartz. Sample L75:52. Thin section 
(+nic). 
Chemical analyses of eight samples of porphyry from the Lower 
Nappe Complex and the Akkaj aure Nappe Complex are presented in 
Table 4. They represent porphyries with comparatively little 
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metamorphic growth of mica. Because of the essentially microcrys-
talline nature of the porphyries, normative minerals were 
computed according to both the 'wet' and 'dry' Rittmann norms 
(Table 5). The calculations were performed according to the same 
computer-program as for the granitoids (S. Larkin, Swedish 
Geological Survey - Uppsala). Recalculation using a program for 
high-temperature volcanites, taking into account the higher ac­
commodation of Na and Ca in sanidine, would tend to displace the 
plots towards the QA-line in the QAP-diagram. 
Table 4. Chemical analyses of porphyries. Sample localities are 
shown in Fig.14. Methods of chemical analysis are same as for 
Table 2. 
T A B L E  4 .  C h e m i c a l  a n a l y s e s  o f  a l l o e h t h o n o u s  p o r p h y r i e s  i n  L . N . C .  S  A . N . C .  
L o c a 1  i  t y  
S a m p  1 e  
2 3  
L 7 5 : 5 2  
2 4  
1 7 5 : 5 4  
2 5  
1 7 6 : 4 8 d  
2 6  
L 7 6 : 5 6  
2 7  
L 7 6 : 5 8  
2 8  
L 7 6 : 6 6 A  
2 9  
1 7 6 : 8 3  
3 0  
1 8 3 : 2 2 b  
S  i  ° 2  7 3 .2 9  7 3 . 5 5  6 8 . 6 2  6 4 . 9 0  7 4 . 7 7  7 4 . 8 0  6 9 . 2 2  6 7 - 7 5  
T Î 0 2  
0 . 3 0  0 . 2 9  0 . 4 7  0 . 5 8  0 . 12  •  0 . 1 6  0 . 3 9  0 . 6 9  
A I 2 ° 3  1 2 . 2 0  1 1  . 4 9  1 4 . 2 1  1 5 . 0 0  1 2 . 8 0  1 2 . 7 4  1 3 . 9 0  1 3 . 8 0  
P e 2 ° 3  1  . 1 3  2 . 1 6  1 . 7 5  2 . 6 6  - 0 . 6 1  0 . 4 4  0 . 7 4  
F e O  0 . 97  1 . 3 7  3 . 0 1  2 . 0 8  0 . 88  *  0 . 9 8  2 . 4 4  6 . 21  
Mn O  0 . 02  0 . 0 2  0 . 0 7  '  0 . 0 9  0 . 0 3  0 . 0 3  '  0 . 09  0 . 0 6  
Mg O  0 . 0 1  0 . 0 1  1 . 2 0  0 . 8 0  0 . 2 0  0 . 1 8  0 . 2 1  1 . 7 3  
C a O  - - 1 . 4 0  3 .2 0  0 . 8 4  0 . 8 4  0 . 5 6  0 . 5 6  
N a 2 0  3 - 5 5  0 . 1 3  3 . 9 3  4 . 8 0  3 . 6 2  4 . 4 6  0 . 4 2  2 - 5 7  
K 2 O  5 . 8 7  8 . 5 9  2 . 4 2  3 . 0 7  4 . 8 7  3 . 9 6  1 0 . 0 8  2 . 7 7  
L . O .  1 .  1 . 4 7  0 . 7 5  1. 8 0  '  1 . 6 5  0 . 6 6  0 . 8 1  0 . 5 8  2 . 9 0  
H2O" 0.10 0 . 1 9  0 . 0 6  o. ;o8 0 . 0 4  0 . 0 7  0 . 0 6  0 . 2 2  
P 2 ° 5  0 . 0 6  0 . 0 4  0 . 0 8  0 . 0 9  0 . 0 2  0 . 09  0 . 0 5  0 .1 5  
SUM 9 8 . 9 7  9 8 . 6 0  9 9 . 0 2  9 9 . 0 1  9 8 . 8 5  9 9 . 6 6  9 8 . 4 4  100.15 
R b  1 5 0  2 4 7  - 121 - 140 - -
S r  . 1 7  1 1  - 4 6 9  - 8 4  - -
Z r  4 3 2  6 2 5  - 194 - 1 9 7  - -
N b  2 0  2 9  - 1 0  - 4 5  - -
y  3 8  6 2  - 1 7  - 3 0  - -
L a  1 0 2  2 1  - 4 6  - 6 5  - -
C e  1 5 5  6 8  - 6 6  - 7 5  - -
Nd  7 1  1 8  - 3 6  - 4 5  - -
N i  n d  n d  - n d  - n d  - -
C r  n d  n d  - 8  - n d  - -
V  1 3  8  - 7 3  - 7  - -
Z n  8  < 5  - 71 - 2 5  - -
Plotted in a QAP-diagram (Fig.27), six of the analyses indicate 
normative compositions corresponding to granites (cf. Table 5), 
or for comparison in volcanic terms; to rhyolite and alkali 
rhyolite, and the two others to rhyodacite-dacite and latite. 
Three of the samples plot well outside of the 'Hughes igneous 
spectrum1 (Fig.28), indicating an alteration of the alkali 
proportions and ratios. Such an alteration is also indicated by 
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the presence of sillimanite, garnet and cordierite in both the 
'wet1 and 'dry' Rittmann norms, and also by muscovite in the 
former (Table 5). In the Al/Na+K+iCa diagram the altered rocks 
contribute to an enhanced scatter (Fig.29). 
Table 5. Rittmann norm for porphyries calculated from chemical 
analyses in Table 4. Table 5a; calculation according to norm 
for dry plutonic rocks, Table 5b; calculation according to norm 
for wet plutonic rocks. See text for further explanation. 
TABLE 5a« Rittmann 'dry' norm of porphyries 
Local i ty 23 24 25 26 27 28 29 30 
Samp 1e L75:52 175:54 I76:48d 176:56 176:58 176:66A L76:83 l83 :22b 
qz 29.6 39.3 28.7 17.9 32.4 31.0 26.1 32.1 
orth 68.6 55-2 21.3 23. 4 58.1 73.7 68.6 41.1 
plag 
- îfSîf : 36.1 45.4 7.9 -6.8 0.7 1.9 
cpx 
-
- -
4.1 - 0.5 - -
onx 1.1» 
- 3.9 2.2 1.3 0.9 - 4.1 
rat 0.3 0.5 0.7 1 .2 - 0.4 0.5 . 0.9 
i Im - - - 0.6 - 0.2 - -
ap 
- -
0.2 0.2 - 0.2 0.1 0.3 
sill 
- 1.-3 - - - c~ 0.5 -
<j r  - 3.8 - - -
-
3.5 -
cord • 
-
9.1 
- 0.3 
-
- 19.5 
i 
C. 1. 1.8 5.8 13.9 8.3 1.7 2.1 4.7 24.9 
correspo alkaîî ai kali monzo leuco qz leuco aîkaîi aîkaîi mel a alk 
plutonic granite granite granite monzonite syeno granite granite granite 
name granite 
TABLE 5b. Ri ttmann 'wet' norm of porphyries 
loca i i ty 
Samp 1 a 
23 
L75:52 
I k  
L75:54 
25 
I76:48d 
26 
176:56 
27 
L76:58 
28 
176:66A 
29 
176:83 
30 
L83:22b 
qz 3 0 » 5 39.8 32.0 18.1 33.5 31.5 26.2 35.7 
orth 66.6 52.1 15.8 27.7 47.6 65.7 67.8 23.5 
plag . 
-
36.1 44.0 16.5 
- - 13.2 
hbl 
-
- 7.9 - 1.2 - -
b i 2.3 - 8.5 
-
2.4 0.9 - 9.1 
mt 0.3 0.5 0.7 1.2 - 0.4 0.5 0.9 
i Im 0.2 0.3 0.2 
- - - 0.4 0.4 
sph 
- -
- 0.9 - 0.1 - -
ap 
- -
0.2 0.2 - 0.2 0.1 0.3 
si 1.1 
- - - - - - - -
g r 
- 3.8 -
- - - 3-5 -
cord 
- -
6.6 
- - - I6.9 
muse 
- 3.5 - - - - 1.5 
-
C. I. 2.8 8.1 16.1 10.2 2.5 2.8 6.0 27.6 
corresp» 
plutonic 
'name 
alkali 
gran î te; 
a 1 ka 1Î 
gran i te 
grano-
diorite 
monzo 
grani te 
leuco 
syeno-
gran rte 
alkali 
gran i te 
a 1 ka 1 i 
gran î te 
me la qz-
monzo 
gran i te 
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Rittmann norm of porphyries: 
O dry plut 
• wet plut 
83:22b 
A 
Fig.27 QAP diagram of porphyries. Note that calculations were 
made according to the Rittmann plutonic norm and not the vol­
canic norm, see text for explanation. 
L76:83 •  
10 -
<N 
• L 83:22b 
100 80 60 U 0 20 
100(K20/K20>Na20) 
Fig.28 Geochemical comparison of porphyries (Table 4) with Hughes 
(1973) 'igneous spectrum'. Scattering outside of the spectrum 
of numbered samples suggests post-extrusive metasomatic al­
teration (cf. Fig.31). 
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L83:22b 
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Fig.29 Allochthonous porphyries plotted in the Al versus Na+K+jCa 
diagram (cf. Fig.23). Samples suggested in Fig.28 to be altered 
are indicated by their respective sample numbers. These latter 
rocks plot in the peraluminous field. The sample L76:48d also 
, shows a distinct peraluminous character although plotting 
within Hughes (1973) 'igneous spectrum'. 
1 500-
trachy 
basalt 
trachy 
andesite 
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000-
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rhyoiite 
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R1 =aSi-11(Na*K) -2(Fe-Ti) 
Fig.30 Plot of allochthonous porphyries in the R1-R2 diagram (De 
la Roche et al. 1980). 
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The classification according to the QAP-diagram agrees well with 
that of the R1-R2 diagram (Fig.30). Plotting in the alkali 
rhyolite, rhyolite and quartz latite fields, the rocks indicated 
to be altered have the highest Rl and lowest R2 values. 
In the alkali-lime diagram (Fig.31), the altered rocks deviate 
from the others. Discounting the altered rocks leaves a too small 
number of samples to evaluate the alkali-lime index for the por­
phyries. However, compatibility with the granitoids is possible 
as shown by the grouping of the 1 non-altered1 rocks around the 
reference line for the plutonic rocks (cf. Fig.22). 
0.2 
. 0  
-0.2 
N-0.4 
SJ 
-0.6 
-0.8 
-1.0 
-1.2 
-1.4 
40 50 60 70 80 
wt % Si02 
g.31 Plot of allochthonous porphyries in the alkali-lime 
diagram (Peacock 1931) . caO was not detected (by titration) in 
samples L75:52 and L75:54, leaving their plots undefined and 
outside of diagram. These samples exhibit extreme deficiency of 
1aO and CaO and high contents of k20 (cf. Fig.28). 
Is compatibility is further demonstrated by the common dis-
but ion of trace elements for the two lithologie groups 
gs.23,32), their distributions in the R1-R2 diagrams (Figs. 
alkalic- calc-
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° \ 
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21,30) and the characteristic modal occurrence of meso- or 
microperthites in both groups. 
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Fig.32 Abundances of Ce,Zr,Y,Nb,La and Zn against SiO- for four 
samples of porphyries (Table 4). 
A geochemical and mineralogical compatibility was proposed, and a 
comagmatic origin suggested by Witschard (1984) for the Porphyry 
Group and the Perthite Monzonite Suite east of the Caledonian 
front. Although the contact and timing relations between the al-
lochthonous granitoids and porphyries remain unresolved, it is 
considered here that the pétrographie and geochemical evidence is 
in favour of a correlation between the autochthonous and the al-
lochthonous units of granitoids and prophyries respectively. In 
this perspective, the relatively high radiometric age of the por­
phyries (1910-1860 Ma) from the Porphyry Group (Skiold & Cliff 
1984) and the post- or anorogenic nature of the granitoids sug­
gested here, accentuate the need for further dating of 
appropriate rocks in the area. 
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3.2 Snawa-Sjöfallet »series» and porphyry-bearing conglomerates 
In the Stora Sjöfallet area, the base of the Snawa-Sjöfallet 
•series' comprises a polymict conglomerate with clasts dominated 
by volcanic rocks set in a quartzitic matrix (Witschard 1984). 
Over this conglomerate follows yellow-white to red quartzitic 
sandstones or arkoses, with intercalations of red to chocolate 
brown mudstones and more seldom of coarser conglomeratic beds. 
Well preserved primary structures such as cross-bedding, mud-
cracks, rain drop and ripple marks indicate fluviatile, shallow 
water deposition. Interlayers of very fine grained, flinty-like, 
red or brown to yellowish-white rocks with extremely high K^O 
contents (ca 13%) and glassy ash fragment texture were in­
terpreted by ödman (1957) to represent windblown ash from far-off 
volcanic centres. 
The correlation of the basal conglomerate of the Snawa-Sjöfallet 
1 series' with the allochthonous porphyry-bearing conglomerates of 
the Akkajaure area has been discussed above. The larger occur-
rencies of these conglomerates are clearly younger than the 
porphyries, e.g. as seen in the road-side in the Ritsemjaure Win­
dow and on Ruoksoktjåkka in thrust sheet 6. However, one deposit, 
northwest of Luomijåkkå on the northeastern shore of Akkajaure, 
may be intraformational in the porphyries. For ease of reference, 
this conglomerate is called the 'Luomijåkkå conglomerate' in the 
following. This porphyry-bearing conglomerate appears to be over­
lain by porphyries, the latter cut by basic to intermediate 
dolerites. However, this structure is probably the result of a 
tightly folded basin, similar to, but smaller, than in the Ruok­
soktjåkka structure in the same thrust sheet further north (cf. 
Figs.70,71). 
The Luomijåkkå conglomerate consists of angular to lensoid clasts 
of different shades of dark to light porphyries, the latter 
richly studded with up to 5mm long white to light red feldspar 
phenocrysts (Fig.33). The intermediate axes of the clasts have 
varying sizes, up to 0.5 m along the bedding in a plane perpen­
dicular to the WNW tectonic stretching. The clasts are set in a 
greenish yellow, coarse sandy matrix; bedding is defined by a 
variety of clast size and frequency. The clasts are commonly 
stretched into prolate disc-like ovoids, but sharply angular flat 
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slabs, occurring frequently together with the ovoid ones, suggest 
that a large part of the clasts initially had a slab-like form. 
Fig.33 Coarse conglomerate with clasts of grey porphyries, set in 
a greenish yellow sandy matrix. Shore of Akka jaure, c. 2 km 
west of Luomijåkkå. 
• •
v\-
Fig.34 Conglomerate with clasts of dark red and purple porphyry, 
stretched into 'flattened cigar1 shapes. The plane of flatte­
ning of the clasts is at an angle to the yellow to greenish, 
sandy bedding, as seen on the joint surface perpendicular to 
stretching. Lichen free block fallen out of cliff side, c. 200 
m north of stream dividing the Ruoksoktj åkka conglomerate. 
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The largest occurrence of porphyry-bearing conglomerate is at 
Ruoksoktjåkka (Fig.70,71), with an estimated thickness of at 
least 2 00 m. Lichen-cover prevents a systematic observation of 
clast types, but the conglomerate appears to be essentially 
monomict with only a few boulders of granite present close above 
the contact with the underlying granite. The clasts are derived 
from dark to light grey, red, purple and lilac porphyries with 
fine phenocrysts, and minor fine grained red sandstone. The 
matrix consists of a yellow to greenish yellow sand, laminated 
and well bedded where observable. The Ruoksoktjåkka conglomerate 
thus displays great similarities with the Luomij åkka conglomerate 
in type of matrix and clasts. Throughout the locality, the clasts 
have a pronounced elongation in the WNW direction (Fig.34, see 
further chapter 4.2.3). 
A polymict porphyry-bearing conglomerate also carrying clasts of 
granite and quartzite, at the roadside in the Ritsemjaure Window, 
has been described previously (chapter 2.3). A porphyry-bearing 
conglomerate on a small island in the western part of the window 
(Plate I; Map II, colour on map erroneously that of porphyryI), 
is dominated by clasts of porphyry, especially of the same white 
weathering kind as exposed on land in the same thrust sheet. 
Other clasts represented are granite and gabbro, and white 
quartz ite and red sandstone similar to those of the Snawa-
Sjöfallet •series'. A few meter-sized boulders of conglomerates, 
similar to the host-conglomerate, are also incorporated. The 
matrix is sandy and greenish grey. Here also, the clasts show a 
pronounced WNW elongation. 
Another porphyry-bearing conglomerate deposited on porphyry is 
exposed by the shore at the extreme northwestern end of Akkajaure 
in thrust sheet 5. The clasts are dominated by porphyries of 
various shades of light to dark grey. Also present are clasts of 
red sandstone, similar to those in the Stora Sjöfallet area of 
the Snawa-Sjöfallet "series' type. The clasts are set in a light 
grey sandy-silty matrix, with a marked S-L fabric and elongation 
in the WNW direction (Fig.35). As with the other conglomerates, 
clasts with a pronounced flat angular cross-section in contrast I 
to the more ovoid forms, are suggested to reflect the inclusion 
of originally flat slab-like clasts. 
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Fig.35 Conglomerate with clasts of light to dark grey porphyry 
and red sandstone, stretched into 'flattened cigar' shapes. 
Elongation plunges gently towards N75W. Thrust sheet 5, shore 
of west end of Akkajaure. 
Thus, in all instances, the porphyry-bearing conglomerates occur 
in close proximity to underlying porphyries. Clasts of red 
sandstones, highly reminiscent of those present in the Stora 
Sjöfallet area, are a characteristic constituent in some of the 
conglomerates. Based on this evidence, together with the 
stratigraphie position of the porphyry-bearing conglomerates, 
these are interpreted to represent western correlatives of a 
basal unit in the Snawa-Sjöfallet 'series'. 
3«3 Basic to intermediate dolerites 
Basic to intermediate dolerites cut the granitoids and porphyries 
of the Lower Nappe Complex and the Akkajaure Nappe Complex. Their 
tectonostratigraphic relations have been described above. The 
thickest and most prominent dolerites are found in the eastern 
part of the traverse (Plate I? Main Map), forming local dolerite 
swarms in thrust sheets 5 and 6 (Fig.36). There the dolerites are 
also generally less deformed and metamorphosed, showing a 
variation from massive fine grained greenstones to ophitic or 
feldspar-porphyritic textures. The porphyritic dolerites locally 
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display outsize, white feldspar xenocrysts or xenoliths, up to 2-
3 dm in diameter or length (Fig.37). 
Fig.36 Dike swarm dipping moderatly towards the northeast. The 
thicker dikes, 5-10m, show as dark stripes in picture. View 
across the gorge of Luomijåkkå towards the southeast from an 
altitude of c. 1200 m.a.s.l. Akkajaure is visible in the back­
ground . 
Platy slabs of the wall-rock, up to 5m in length, occur oriented 
along the contacts (Fig.38). The thickness of the dolerites may 
vary considerably, from several meters to a decimeter within 50m 
along strike, and irregular contacts are common. The thickest 
dolerites, reaching 10-30m in thickness, are found in thrust 
sheet 5 along the shore of Akkajaure, west of Karnjelajåkkå. 
There, exposed in road-cuts, the granite is cataclastically 
deformed along both contacts of a porphyritic dolerite carrying 
out-size white feldspar xenocrysts/-liths. The cataclastic zones 
are c. 1dm thick and distinctly delimited (Fig.39). These obser­
vations suggest that the intrusion of the dolerites occurred into 
a brittle crust, along brittle shear faults and joint systems 
with a significant tensional component. 
Mesoscopically, the megacrysts of the porphyritic dolerites are 
of two types; dark purple-grey and white. The dark purple-grey 
feldspars are more resistant to weathering and shearing as com­
pared with the white ones. In dolerite rocks with both feldspars, 
the dark feldspars generally stand out as knobs on weathered sur­
faces and behave as rigid bodies where the white feldspars are 
sheared and strongly elongated. 
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Fig.37a,b Big xenocrysts/liths of white feldspar, in porphyritic 
basic dolerite (L77: 65a,b,c) cutting coarse grained alkali 
granite (L77:66). Road-cut c. 3 km northwest of Karnjelajåkkå. 
In the microscope, the dark purple-grey feldspars are seen to be 
alkali feldspars. They are mainly microcline, sometimes microper-
thitic with thin braided seams of albite similar to those of the 
granitoids, or with small inclusions of euhedral, blocky 
plagioclases. Some of these feldpars exhibit concentric zoning in 
terms of arrangements of inclusions, particularly 
clinozoisite/zoisite needles and subordinate ores, green biotite, 
sphene and zircon. The zoning of the crystals is generally 
broken, with the zoning abutting against the rounded margins of 
the crystals. The megacrysts of alkali feldspar are typically 
8 3  
rounded, commonly partly surrounded with clear margins of recrys-
tallized microcline with cross-hatched twinning. Some alkali 
feldspars exhibit myrmekitic texture with vermicular quartz. 
Ä:: 
Fig.38 Sheared basic dolerite with platy xenoliths of the wall-
rock granite along the contact. A few hundred meters west of 
locality in Fig.37. 
Fig.39 Slightly sheared 1-1.5 dm wide cataclastic zone of the 
wall-rock granite along the contact with the porphyritic basic 
dolerite in Fig.37. The dolerite itself is ductilely sheared 
obliquely to the contact, the center of the dolerite little 
deformed (cf. Figs.37a,b). 
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In contrast to the above described feldspars, the white feldspars 
in the massive non-sheared porphyritic dolerites show an extreme 
alteration to very fine grained white mica, clinozoisite/zoisite 
and minor calcite and loss of twinning. Where still preserved, 
polysynthetic albite-twinning indicates that the white feldspars 
are essentially plagioclase. However, bulk chemical analysis of 
white feldspar shows high contents of K20 (Table 6b, L77:65a), 
probably present in the white micas. The total amount of CaO and 
Na20 does not appear sufficient for a plagioclase, suggesting 
either a metasomatic loss of these elements and import of K^O, or 
an indigenous presence of K20 as K-feldspar in inclusions or an-
tiperthitic intergrowths. Other observations compatible with the 
interpretation of the white feldspars as essentially plagioclases 
are their lesser resistance to weathering and ductile shearing as 
compared to the alkali feldspars. The larger white feldspars have 
inclusions and aggregates of green biotite, chlorite, ores, 
leucoxene and apatite. The scarcity of twinning to delineate 
crystal margins within the white feldspars and the extreme al­
teration generally prevents a definition of the white feldspars 
as single or aggregate crystals. However, scattered observations 
within the white feldspars of twinned aggregates of plagioclase 
and the inclusions of mafic minerals appear to suggest that at 
least some of the larger white feldspars may be aggregates, i.e. 
cumulates or anorthositic fragments. A few xenoliths of anor-
thositic gabbro have also been observed in the thick dolerites on 
the peninsulas east of Maukoj åkkå. 
In sheared porphyrites, elongated out-size white feldspars show a 
microscopic tectonic banding with dark extremely fine grained 
shear bands, sub-parallel and anastomosing, alternating with 
bands of the 'original' altered feldspar described above. 
The porphyritic dolerites display a wide chemical variation, 
mainly from basic to intermediate compositions (Tables 6a, 6b), 
but also acid compositions (Table 6b,* L78 :24b) are represented. 
This variation appears to correspond to the proportion of 
feldspar megacrysts to mafic matrix and the proportion of 
megacryst alkali feldspar to plagioclase. The most acid por-; 
phyrite (L78:24b) is a relatively thin (1-3 dm wide) bifurcating 
dike, intruding along the center of a c. 5m wide, massive basic 
sub-ophitic dolerite (L78:24a). Examination under the microscopic 
shows the acid porphyritic dolerite to be completely dominated by 
feldspars, mainly microcline. Highly irregular aggregates of 
coarse grained quartz and sphene are also present. The alkali 
feldspars are cataclastically broken and marginally rounded and 
show a very wide range in grain sizes. 
The textural evidence for chemical disequilibrium of the alkali 
feldspars, broken internal zonation and partial mantling of 
neocrystallized microcline, suggest the alkali feldspars are 
xenocrysts. Their textural similarities to the alkali feldspars 
of the wall-rock granitoids suggest the latter as potential 
source rocks for these feldspars; if so, probably also for the 
coarse quartz and sphene. A possible mechanism for the inclusion 
of varying amounts of cataclastically deformed granitoid material 
is suggested by the observation of granitoids being cataclas­
tically deformed along the margins of porphyritic dolerites. Part 
of the brittle breaking of the feldspars may be the result of 
forceful injection of the crystal mush on opening of the fis­
sures. The deformation of the feldspars is also enhanced where 
Caledonian shearing.is superimposed on the dolerites. However, 
the cataclàstic textures of the alkali feldspars are as common in 
the massive non-sheared dolerites as in the more deformed ones. 
This evidence together with the common occurrence of sheet-like 
xenoliths of-the wall-rock granitoids along the margins of the 
dolerites, suggests that the latter were locally extensively con­
taminated by cataclastic material from the wall rock, apparently 
by intrusion along active shear zones in the upper brittle crust. 
The second type of dolerites are generally sub-ophitic. In thin 
section, the laths of plagioclase are partly enclosed and partly 
penetrating beyond the oikocrysts of pyroxene. Host sub-ophitic 
dolerites are fine grained. The dolerite represented by sample 
L78:24a (1 km east of 1653m, Nieras), is fine to medium grained, 
with a coarser zone in the center, with large star-shaped 
glomerocrysts of plagioclase laths reaching 4-5 cm in length. 
All dolerites in the Swedish part of the traverse are altered 
under greenschist facies conditions, giving the matrix of even 
the above described less altered dolerites, dark green to green 
colours. Olivines have not been observed but were probably 
present (now represented by rounded felted nests of chlorite, 
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talc and opaques). Pyroxenes are generally too altered for clas­
sification even in the eastern part of the traverse. Fine grained 
little schistose greenstone dolerites, lacking megacrysts of 
feldspar, are present in the eastern part of the traverse as well 
as westwards towards the national border. It is probable that 
these may constitute dolerites with originally finer grain size. 
With increasing deformation towards the west, the dolerites are 
all altered to variously schistose greenstones and greenschist 
phyllonites, with a complete loss of recognizable porphyritic or 
sub-ophitic textures west of the Sitasjaure-Ritsem tunnel. The 
modal composition of the greenstones and greenschists is 
typically green biotite, chlorite, epidote, albite, quartz, 
leucoxene, ores and apatite. In greenschist phyllonites, less 
than 0.5 m thick and occurring within fault zones, white mica may 
also occur. 
^S fora 
Sjöfallet 
Sample localities for dolerites 
cf. Table 6, ref, no. 
Fig.40 Map of sample localities (dots) for dolerites in the Ak-
kajaure area» Number of locality is equivalent to reference 
number (ref.no.) in Tables 6a & 6b. Sample localities 9-18 are 
underground in hydropower tunnel. Sample locality 32 is a road-
cut c. 3 km southeast of Stora Sjöfallet. 
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Thirty-eight chemical analyses of whole rock or mineral separates 
of dolerites are presented here (Tables 6a, 6b). The sample 
localities are shown in Fig.40. A dolerite (L83:18) intruding the 
meta-psammites of the autochthonous Snawa-Sjöfallet 'series' is 
included for comparison. Similarly, four analyses are given of a 
plagioclase porphyritic dolerite dike (L79: la,lb,Iwr,lc) from 
basement in a window, sampled in a road-cut near the little vil­
lage Svaningen in N. Jämtland, c. 400 km south of Akkajaure. This 
dolerite is very similar to the porphyritic dolerites of the Ak­
kajaure area. The Svaningen dolerite has thin slabs of the 
granite wall-rock oriented parallel to and along the contact. The 
dolerite is 5-6m thick. It has two zones near the center, laden 
with out-size white feldspars, 3-10 cm across (L79: la, feldspar 
megacryst). The largest are rounded to elongate, and oriented 
parallel to the dolerite. Smaller white feldspars, of the por­
phyritic central part, are frequently angular and euhedral-
looking. The out-size feldspars also have minor mafic mineral 
aggregates (chlorite, biotite and ores) as inclusions. 
A plot of the analysed dolerites in the R1-R2 diagram (de la 
Roche et al. 1980) indicates an alkalic character (Fig.41). The 
dolerites from the Akkajaure and Lower Nappe Complexes cluster 
mainly in the syeno diorite field, but with a wide scatter over 
the syeno diorite, monzonite, nepheline syenite and syenite 
fields. This may be compared with an analysis of a greenstone 
from the Köli Nappe Complex, plotting in the diorite field 
typical for rocks belonging to calc-alkaline suites (analysed 
with the same techniques as the other analyses presented here). 
Most of the feldspar-xenocryst porphyritic dolerites from the 
Akkajaure area plot within the main cluster of plotted dolerites, 
possibly with a slight tendency towards more syenitic com­
positions. Two samples plot clearly off the main cluster; L78:24b 
(granite field, '31') and L7 3:5 6 (gabbro-diorite field). The 
first of these is the extremely alkali feldspar dominated 
dolerite, intruding a sub-ophitic dolerite described above. The 
second sample, L73:56, is dominated by 1-3 cm megacrysts of cal­
cic plagioclase and lacks alkali feldspar. Samples L77:67b and c 
are tied together with a thin line in Fig.41. Sample 'c' is a 
whole rock analysis of a porphyritic dolerite while 'b' is the 
mafic matrix resulting from extraction by hand-picking of 
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T ABL E  6 a .  Che m ica l  ana ly se s  o f  i n t e rmed ia t e  t o  ba s i c  do l e r î t e s  
Ma in  e l emen t s :  Ge o l og i ca l  Su rvey  o f  Sweden . "  
• Re f .  No ,  
Samp le  
1  
1 . 73 :39  
2  
L73 :^0  
3  
L73 :46  
4  
173 :56  
5  
L73 :59  
6  
1- 73 :68  
7  
L 74 :66  
8  
L 74 :75  
9  
1- 75 :1  
10  
1 -75 :3  
11  
L75 :8  
S i 0 2   
T î 0 2  
4 4 .  8  57 . 1  54 .1  48 .5  50 .5  51 .2  46 . 5  4 8 .1  41 .4  49 . 3  48 .0  
2 .2  1 .2  i .  1  1  . 0  0 . 9 2  1 .6  1 .1  2 . 0  0 .74  0 .7 2  0 . 6  
A , 2 °3  
F e 2° 3  
FeO  
15 .8  1 7 . 2  1 3 -8  21 . 8  17 .2  15 .4  19 .2  17 .6  14 .9  15 .6  14 . 6  
3 .8  2 . 7  3 . 8  4 . 3  3 .9  3 .5  4 ,2  4 . 0  3 . 1  4 .1  3 .0  
10 .1  4 .9  7 . 9  5 .2  5 . 6  3 . 6  7 . 8  9 - 4  12 .5  6 .6  12 .8  
M nO 0 . 2 4  0 .2 6  0 . 22  0 . 22  0 .16  0 .21  0 .23  0 .1 9  0 .63  0 .38  0 .50  
M gO 5 . 2  1 . 3  6 .6  3 - 7  4 .8  4 . 5  5 .0  3 - 0  10 .2  5 .9  7 .3  
Ca O 7 . 3  3 . 2  2 . 4  9 . 0  6 .3  6 . 6  5 .1  5 . 7  2 . 6  7 . 0  0 . 5  
N à .O  2 . 7  5 . 1  2 . 2  3 .4  3 . 9  3 .5  3 .5  3 .2  0 . 6  2 . 2  1 . 5  4 3 -4  1» .6  5 . 3  0 . 9  3 . 5  2 . 3  5 .0  4 .1  9 .1  4 . 2  7 .4  
L .  0 .  1 .  2 . 5  0 . 9  2 .3  2 .1  2 .0  1 . 8  2 .2  1 .9  2 . 6  1 . 8  2 .3  
H 2° "  0 .1  0 .2  0 .4  0 . 7  <0 . 1  0 . 1  0 . 1  0 .1  0 .3  <0 .1  <0 .1  
^2^5  
co2  
1 .52  0 .6 5  0 .81  - 0 . 5 9  0 .61  0 .31  - - 0 .20  
0 .2 8  - - 0 .2 8  0 .6 9  0 .21  - - - 1 .89  -
S  0 .2 1  - - - 0 .2 3  0 .1 2  - - - - -
BaO 0 . 16  0 .26  0 .0 8  0 .0 8  0 .07  0 .1 2  0 .12  0 .1 5  0 .04  0 .0 3  0 .0 3  
SU M 100 .3 1  9 9 . 57  101 .0 1  101 .18  99 . 77  100 . 35  100 .66  100 . 25  98 .71  100 .22  98 .73  
- 0  fo r  S  - 0 . 0 5  -0 .0 6  -0 .03  
SUM(co r r .  )  100 .26  99 -71  100 .32  
Tex tu r e  po rph y r i -
t i c ,  
shea r ed  
po rp t i y r i -
t i c ,  
she a r ed  
f i  Re  s  
g r een -
sch  i  s t  
phy !  1  o -
n i  t e  
po rphy -
r i t i c ,  
we ak ] y  
shea r ed  
f i ne ,  
g r een -
sch  i  s t  
phy i  l o -
n i  t e  
f i ne ,  
g  r e en -
s ch i s t  
ph y l lo -
n i  t e  
f i ne ,  
g r e en -
sch  i s t  
p h y l1 o -
n i  t e  
f i ne ,  
g r e en ­
s to ne  
f i ne ,  
g r e en -
sch  i  s t  
phy l l o -
n i  t e  
f i n e ,  
g r een -
sch  i  s t  
ph y l l o ­
t t  i  t e  
f i ne ,  
g r een -
sch  i  s t  
phy l Ion  
T A BL E  6b .  Che m ica l  ana ly se s  o f  i n t e r med ia t e  t o  ba s i c  do l  e ri t e s  
M a i n  e l  emen t s . *  O ep t  
Re f .  No .  19  
Sample  L75 :63  
o f  Geo lo g y ,  Go the nbu rg .  T ra ce  
2 0  21  22  
1 -75 :59  L 76 : 206  L76 :23C  
e l eme n t s :  
23  
176 :25  
Dep t .  o f  Geo i r - j y ,  B e rgen .  
24  25 26  
176 :296  176 : 596  L7 6 :6 0  
f sp  xe n oXX 
27  
L77 :65a  
ma t r i x  
28  
L 77 :65b_  
w .  r „  
29  
177 : 65 c  
S Ï0  56 .93  47 .41  52 . 8 3  57 .9 4  44 .25  58 . 45  47 . 89  47 .76  50 .7 1  49 . 88  50 .32  
T, 0 2  1 .49  0 . 82  1 .7 1  1 .0 6  2 .46  1 .09  1 .1 1  1  . 07  0 .3 5  2 .5 3  1 . 4 7  
A , 2° 3  
Fe 2 ° 3  
FeO 
15 . 12  20 .41  14 . 77  16 .4 9  13 .24  15 -7 4  20 .0 1  19 .29  24 .63  14 .35  16 . 28  
4 .05  2 .5 6  4 .2 1  2 .2 3  6 .75  2 .26  4 .4 3  4 .0 3  2 .78  2 . 64  4 .1 3  
6 .34  5 .43  6 .7 3  4 .35  10 .43  4 .32  5 .10  6 .6 6  0 .9 8  7 .78  5 .46  
M nO 0 . 1 0  0 .20  0 .27  0 .18  0 .2 3  0 . 1 9  0 .2 0  0 .2 0  0 .0 5  0 .25  0 .21  
MgO 2 . 4 6  4 .2 4  2 .2 2  1 . 12  4 .37  1 .00  3 .1 5  3 -83  0 .9 9  3 -36  2 .4 9  
Ca O 2 .1 0  4 .3 4  5 .4 6  5 .18  7 .2 8  4 .48  6 .5 8  6 . 30  6 .16  8 .71  6 .72  
Na 2 0  4 .6 8  •  5 . 28  4 . 76  5 .1 6  3 . 90  4 .94  3 .73  5 -33  3 .2 9  3 .5 8  4 .46  
K 2 O 3 -76  3 .2 5  4 .34  4 .2 9  2 .30  5 .28  1 .75  0 .93  5 . 29  2 .3 5  3 .05  
L»  0 .  1  «  2 . 26  6 .05  2 .1 3  1 .93  3 .2 9  1 . 77  5 .0 4  4 .08  3 .6 7  3 .51  . 3 . 39  
H 2° "  0 .1 2  0 .4 5  0 . 1 2  0 .16  0 .33  0 .16  0 .24  0 . 2 9  0 .21  0 .11  0 .31  
P 2 °5  0 .4 4  0 .1 4  0 .1 3  0 .39  0 .9 7  0 .33  0 .1 3  0 .7 4  0 .09  - 0 .5 9  
SUM 100 .07  100 . 58  99 - 6 8  100 . 48  99 -80  100 .01  99 .36  100 .5 1  99 . 20  99 -05  98 . 88  
Rb  124  - 123  72  30  96  79  65  7 3  - 77  
S r  32  - 301  614  598  277  552  612  955  - 996  
Z r  258  
-
477  295  139  317  104  110  27  - 153  
Nb  9  - 14  9  <5  8  nd  nd  nd  - <5  
Y 44  - 61  48  42  5 0  26  24  nd  - 24  
La  46  - 81  56  46  65  1 3  14  nd  - 57  
Ce  73  - 142  114  1 4 2  112  30  16  nd  - 112  
N d  42  
- 98  75  74  69  1 5  9  23  - 72  
Ni  13  - nd  nd  28  nd  36  57  nd  - nd  
Cr  9  - nd  nd  <5  nd  12  9  nd  - nd  
V  163  - 104  5 5  224  52  181  160  42  - 116  
Zn  509  - 220  170  207  169  372  229  33  - 206  
Tex tu r e  f i ne ,  
g r e en -
s c h i s t  
phy  Ho -
po r p hy -
r i  t  i c  
ma ss ive  
f i ne ,  
sub"  
oph i  t  i  c  
porph y r i -
t i c  we a k  
f o l i a t i on  
med  i  um,  
m ass ive  
f i ne ,  
m ass i ve  
f i n e ,  
marg in  
f i n e ,  
g r een -
s c h i s t  
b ig  wh i t e  
f s p  f r ag ­
men t  ,  
a l t e r ed ,  
ma t r i x ,  
da rk ,  
f  i  n e  
p o r p h y r  
t i c ,  
mass  i  v e  
f i n e  i n ­
c lu s  i ons  
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TABLE 6 a. Cont. 
Ref. No. 
Sample 
12 
175 = 9 
13 
L75:10 
14 
L75:12 
15 
175:13 
16 
L75:15 
17 
L75:16 
18 
175:17 
Si02  51.2 41.6 52.0 47.8 43.7 46.4 45.9 
t
' °2 1.8 0.7 1.7 2.1 1.4 1.7 2.2 
AI °  16.3 14.7 18.7 15.4 16.7 16.0 15-5 
f
*2°3 3.0 2.7 3.9 2.6 4.4 4.8 4.7 
FeO 7.9 10.7 5-3 10.1 7.8 9.6 8.4 
HnO 0.22 0.69 0.19 0.20 0.25 0.26 0.21 
MgO 3.6 12.0 2.7 4.6 7.4 5.6 4.8 
CaO 4.7 1.7 5.9 5.3 4.0 7.2 7.4 
Na20 4.4 0.2 3-7 2.1 0.5 1.9 2.2 
K20 4.0 9-2 4.0 6.0 7.2 3.7 4.5 
L.O.I .  1.4 2.9 1.5 2.1 2.1 2.3 1.9 
H2°" <0.1 0.1 <0.1 <0.1 0.2 0.1 0.1 
P2°5 1.51 - 1.13 1.75 0.14 0.73 1.63 
C 02 0,41 1.15 0.08 1.65 - 0.27 0.1 
S - - 0.20 - - - 0.26 
3a 0 0.14 0.03 0.34 0.25 0.09 0.14 0.06 
SUM 100.58 98.37 101.34 101.95 95.88 100.70 98.86 
-0 for S -0.05 -0.07 
SUM(corr.)  101.29 99.79 
Tex tu re f ine, f ine, f ine, f ine, f ine, f ine, f ine, 
green-
sch i  st 
g reen-
sch i  st 
phyl lo-
ni te 
green­
stone 
green-
schist 
phyllo-
ni te 
green- green-
schist stone 
phyl1 o-
nite 
green" 
stone 
TABLE 6b . Cont. • 
Ref. No. 
Samp 1e 
30 
L78:24a 
31 
178:24b 
autochth. 
32 
L83:18 
33 
LS3:23 
34 
183:25 
Svan ingen, 
fsp megaXX 
35 
1.79:1 a 
 N. Jämtland 
matr ix w.r.  
36 37 
179:lb L79:1wr 
chi1 led marg. 
38 
179:1 c 
Si 02  46.26 68.87 46.15 52.34 58.09 50.65 45.44 50.42 45.11 
TT02  1.88 0.42 1.70 1.36 0.45 0.09 1.71 0.76 1.64 
A' 2°j  15.43 13.48 14.01 15.69 17.35 26.81 16.17 21.77 16.29 
Fe2°3 5.39 1.02 5.44 3.91 0.88 0.44 4.20 2.13 5.43 
FeO 8.97 2.00 10.55 8.07 4.05 0.71 9.76 3.80 8.71 
MnO 0.19 0.06 0.27 0.14 0.08 0.02 0.20 0.09 0.23 
MgO 4.78 0.58 5.32 2.95 1.44 0.36 6.40 2.59 6.27 
CaO 7-98 2.24 7.17 5.88 4.76 8.96 8.26 8.40 8.65 
Na.O 4.41 4.04 4.69 3.91 6.28 3-46 2.91 3.72 1.47 
*2° 0.59 5-09 1.43 3.01 4.03 3.41 0.87 ,  2.07 1.61 
L.O.I.  3.96 1.37 2.43 1.81 2.33 2.99 3.87 3.12 4.46 
H2°~ 0.31 0.09 0.54 0.29 0.22 0.57 0.13 0.16 0.40 
V5 0.20 0.11 0.37 0.52 0.20 0.04 0.14 0.09 0.09 
su« 100.35 99.37 100.18 99.88 100.16 98.51 100.06 99.12 100.36 
Rb 36 284 - - - - 56 136 77 
Sr 664 154 
- - - - 450 909 459 
Zr 209 314 
- - - - 124 111 127 
Nb nd 34 - - - • „ nd nd nd 
Y 31 54 
- - - - 29 24 31 
La '  37 83 - - - - 14 10 10 
Ce 51 149 - - - 24 17 31 
Nd 33 67 - • - - 16 13 15 
Ni 89 nd 
- - - - 113 55 112 
Cr 76 nd 
- - - - 99 23 101 
V 264 31 - - - - 228 90 226 
Zn 136 77 - - - - 113 66 159 
Texture medium, 
sub-
ophi t ic 
mass ive 
dike in 
dike, 
massive, 
coarse, 
medium, 
massive, 
black 
porphy-
r i  t ic,  
sheared 
porphy-
r i t ic 
strongly 
sheared 
fsp 
xeno-
crysts 
separate 
matr ix, 
dark, 
f ine 
porphy-
r  i  t  ic 
massive 
very 
f ine, 
dark 
porphyri-
t ic,  fsp-
r  ich 
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Tables 6a & 6b. Chemical analyses of intermediate to basic 
dolerites. Sample localities are shown in Fig.40. Analyses of 
porphyritic basic dike with 'big feldspar' xenoliths (ref. nos. 
35-38) from Svaningen, north Jämtland, are included for com­
parison. Chemical analyses of Table 6a were performed at the 
Geological Survey of Sweden according to methods described by 
Asklund et al. (1966). Chemical methods for analyses in Table 
6b were same as described for Table 2. A description of ocular 
texture is given for comparison. 
feldspar megacrysts. The porphyritic sample plots in the syeno 
diorite field while the mafic matrix plots on the boundaries to 
the syeno and monzo gabbro fields. Five other samples 
(9,13,11,19,3) plot off the main cluster in the syenite fields of 
the R1-R2 diagram (Fig.41). These are dolerites extremely 
deformed to greenschist phyllonites along faults (see above). 
R2 = 6Ca + 2Mg*Al 
• whole rock (G.S.S.) 
• - (Dept. Geot. GU) 
• fsp xenocrysts 
B fine matrix 
B dolerite margin 
P fsp-porphyritic 
1500- syeno 
gabbro / ®p gabbro-
cv diorite 
2^2Sffen izga 
syeno 
diorite 
diorite 
000-
•P monzonite 
•P 
nepheline 
syenite 
•3 500- granite •13 
•11 
syenite quartz 
syenite 
2000 1500 1000 500 0 
R1 = 4 Si -11(Na*K) - 2(Fe-Ti) 
Fig.41 Plot of intermediate to basic dolerites in R1-R2 diagram 
(de la Roche et al. 1980). Numbers at signs are equal to 
ref.no. of Tables 6. The ref.nos. 9,13,11,19 & 3 indicate 
dolerites altered to a 1-5 dm wide phyllonitic greenschists. 
The ref.no 31 indicates a porphyritic dike, within an ophitic 
dike, c. 2dm wide and extremely dominated by alkali feldspar 
xenocrysts. Samples taken from one locality are connected by 
thin lines for ease of reference, i.e. ref.nos. 35-38 (Svanin­
gen) and 25,27-29. A greenstone from the Köli Nappe Complex 
(star, in diorite field) is included for comparison (chemical 
analysis available from author, sample locality northwest of 
Autajaure). Whole rock analyses made at Geological Survey of 
Sweden (G.S.S.) and Dept. of Geology, G.U./C.T.H, are plotted 
as dots and squares, respectively. 
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The samples from the white feldspar porphyritic dolerite of 
Svaningen, N. Jämtland, are tied together for the sake of recog­
nition by thin lines in the R1-R2 diagram. By simple hand-
picking, white feldspar megacrysts and a visually megacryst-free 
mafic matrix were separated from a porphyritic sample from 
Svaningen, N. Jämtland (see above). The bulk chemistry of the 
separated Al203~Ca0 rich white feldspar megacrysts (plagioclase 
with mafic inclusions) gives a higher R2 component, and com­
paratively less for the mafic matrix. A sample of the fine 
grained, only slightly porphyritic margin, plots in the gabbro-
diorite field, reflecting lower Na20-K20 and higher Fetot~Ti02 as 
compared to the more porphyritic central part. Thus, this 
dolerite plots within the same general alkaline trend as those of 
the Akkajaure area. However, the Svaningen dolerite is charac­
terized by higher CaO-Al2Q3, as compared to generally higher 
Na20-K20 contents in the little deformed porphyritic, sub-ophitic 
and non-porphyritic dolerites of the Akkajaure area. 
K-0 
wt •/• 
Nq20 
wt •/. 
CP 
O o 
o 
o 
• • 
* 
o • 
•• o 
o 
o 
O phyilonites in 
faults & thrusts 
• non-porphyritic 
• porphyritic 
• feldspar -
xenocryst 
4- autochthonous 
dike, St. Sjöfallet 
U0 45 50 
Si02 wt 7. 
55 60 
Fig.42 Variation of KO and Na O versus SiO of dolerites of the 
Akkajaure area. Thin line connects hand-picked white feldspar 
xenocrysts (L77:65a) and matrix (L77:65b). 
Anomalously high contents of K20 are recorded in dolerites al­
tered to greenschist phyilonites within ductile shear zones 
(Fig.42). The higher contents of K20 may be correlated with lower 
9 2  
contents of SiC>2, while Na20 appears comparably stable. This 
chemical alteration is accompanied by a minéralogie alteration to 
a biotite schist with segregations of quartz (the segregations 
were avoided(i) in the selection of samples for chemical 
analysis, cf. loss of Si02 above). The most extremely altered 
dolerites were sampled in the Sitasjaure-Ritsem tunnel, with K20 
contents exceeding 7 wt% and, in two samples, reaching over 9 wt% 
(Table 6a, L75:1, 10). The most pronounced alteration of the 
dolerites is exemplified by the thinnest dolerites (Fig.43), less 
than 2-3 dm in thickness (L75:1, 10). These dolerites are, in 
thin section, seen to be composed of more than 90 vol% green 
biotite. This is interpreted as evidence for a metasomatic influx 
of potassium, contemporaneous with Caledonian shearing and phyl-
lonitization, particularly regarding the thinner dolerites. 
20 
15 
K20/sicyi00 
10 
5 
0.2 0.5 1 5 25m 
thickness of dolerite 
Fig.43 Variation of (K.O/SiO«)xlOO versus thickness of dolerite. 
Plotted samples are from tne Ritsem-Autajaure area, represen­
ting a wide variation in grade of deformation and alteration 
(Table 6a). Signs as in Fig.41. 
This evidence of mobility of potassium related to intense 
shearing, required that all greenschist phyllonites were left out 
when plotting the dolerites for the alkali-lime index (Fig.44) 
according to Peacock (1931). The non-porphyritic sub-ophitic and 
massive fine grained as well as porphyritic dolerites, all define 
an alcalic index for the dolerites. 
8 
9 3  
log CaO / Nc^O «• l^O 
- 0.3 # 
- 0.2 
- 0 . 1  . •  •  •  
• 55 
i 
SiO? 
i c I 1 
45 alcalic 50« alcalic calc 60 
—0.1 • calcic alcalic 
-0.2 # • 
• • 
-0.3 • 
• 
•
 
o
 
i • o
 
bi
 
•
 
• • 
—0.6 • 
Fig.44 Plot of intermediate to basic dolerites to show alkali-
lime index according to Peacock (1931). Not plotted in the 
diagram are greenschist phyllonites, mineral separates and 
dolerites from Svaningen (ref.nos. 35-38) and St.Sjöfallet 
(ref.no. 32). 
Plotting MgO versus. Al203/SiC>2 (Murata 1960) , avoids the pos­
sibility of alkali-lime mobility (Fig.45). This diagram shows a 
good correlation with the 'alkalic basalt series' of Murata 
(reference line J'-I) for the allochthonous dolerites of the Ak-
kajaure area. The plotted compositions are compatible mainly with 
a range from hawaiite and mugearite to trachyte. This is in good 
agreement with the classification according to the R1-R2 diagram 
(Fig.41). 
No systematic treatment of the trace element chemistry of the 
dolerites is presented here. However, a few general comments can 
be made based on the trace element analyses (Table 6b), mainly 
from the less deformed dolerites in the eastern part of the 
traverse. Cr is generally very low, near to or below 10 ppm. The 
rather low contents of Ni and V are positively correlated with 
MgO, but less clearly with Fetot, possibly suggesting the as­
sociation of Ni and Cr with minor amounts of olivine. Contents of 
Zr vary between c. 100 and 500 ppm, highest in a fine grained 
sub-ophitic dolerite. Contents of TiC>2 vary between c. 0.7-2.5 
wt%, which is relatively low for continental alkali basalts (cf. 
Floyd & Winchester 1975). 
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Fig.45 Allochthonous intermediate to basic dolerites from the 
Akkajaure area (cf. Tables 6a, 6b), plotted in variation 
diagram according to Murata (I960). Filled squares, porphyritic 
dolerites; Dots, non-porphyritic dolerites,; Open square, 
feldspar xenocryst. Variables are in weight % 
Tholeiite series: A,B,C,D & E. 
Alcalic basalt series: F, Ankaramitic; J-J' Alcalic (olivine) 
basalt; G, Hawaiite (andesine andesite); H, Mugearite 
(oligoclase andesite); I, Trachyte. 
In summary, the allochthonous dolerites of the Akkaj aure area 
were intruded into a brittle continental crust of granitoids and 
porphyries, i.e. post-dating c. 1800-1650 Ma and probably pre­
dating the deposition of late Proterozoic arkoses. Little 
deformed mostly feldspar porphyritic dolerites display a basic to 
intermediate alkaline character. The corroded and rounded alkali 
feldspars and heavily altered plagioclase xenocrysts and 
xenoliths indicate, respectively, a pronounced contamination of 
material from the continental crust and anorthositic material 
from the upper mantle. 
Pre-Iapetus reconstructions based on paleomagnetic records place 
the Akkaj aure-Tysfj ord area and the root-zone of the Akkaj aure 
Nappe Complex (Björklund 1985) adjacent to south Greenland (Piper 
1982) . The occurrence of granitoids on south Greenland, com­
parable with the granitoids of the Akkaj aure-Tysfj ord area, were 
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noted above (chapter 3.1.1). A complex period of alkaline intra-
plate magmatism, extending between 13 2 0-1120 Ma, formed the 
Gardar igneous province of southern Greenland (Upton & Emelius 
1987). The intrusion of basic to intermediate feldspar por-
phyritic dolerites, including the 'big feldspar dikes' with 
plagioclase xenocrysts and anorthosite xenoliths attaining very 
large sizes, were concentrated to and characteristic of the pre-
1222±25 Ma mid-Gardar period (Bridgwater & Harry 1968, Upton 
1974) . 
However, the 'big feldspar dikes' show a much greater variation 
in size of plagioclase and anorthosite xenoliths than the 
dolerites of the Akkajaure area. To my knowledge, xenoliths of 
alkali feldspar have not been reported, or are at least not a 
common type of inclusion in any of the Gardar dolerites. Further­
more, the great complexity of the Gardar magmatism resulting from 
repeteted episodes of rifting, and the associated occurrence of 
ultra-alkaline rocks have no correspondence in the Akkajaure 
area. 
1 : 
The chronological parallelism of the Gardar activity with the 
generally alkali basaltic intrusions of the Central Scandinavian 
Dolerite Group has been discussed by Gorbatschev et. al (1979). 
No radiometric dating is presently available for the dolerites of 
the Akkajaure area and the chemical and mineralogical data are 
too restricted to permit a more detailed comparison with the Gar­
dar dolerites. However, based on the general 
tectonostratigraphic, pétrographie and geochemical properties of 
the 'Akkajaure dolerites', it may be concluded that these in­
trusions fit well into the pattern of extensive fracturing of the 
continental area north of the Sveconorwegian-Grenville Belt, sug­
gested by Gorbatschev et al. (1979). 
9 6  
3.4 Late Proterozoic to Cambrian sedimentary cover 
3.4.1. Massive arkoses 
Massive arkoses with thicknesses exceeding 50m are exposed in two 
antiforms southwest of Stuor Seukok and on the ridge of Unna 
Seukokatj, as cover rocks in thrust sheets 6 and 1 respectively 
(Plate I; Main Map, cf. Fig.47). The arkoses are buff grey-white 
with a light red or pink tint. Grains of quartz and blue-grey 
perthite feldspar, characteristically c. 1mm and less frequently 
up to c. 3-4mm in size, are set in a finer grained quartz and 
feldspar matrix. Typically, these arkoses lack a distinct 
bedding. 
Fig.46 Arkose, with subangular to subrounded clasts of microcline 
with cross-hatched twinning and patchy microperthite, set in a 
fine grained matrix of quartz and feldspar. Thrust sheet 6, 
southeastern Stuor Seukok. Thin section (+nic). 
Under the microscope, the larger grains are subangular to 
subrounded and seen to consist of the same type of patchy or 
•braided' microperthites and saussuritized albites as in the 
granitoids (Fig.46). The primary grain-margins are frequently 
partly recrystallized, but still recognizable. The matrix con­
sists of feldspar and quartz with irregular grain boundaries and 
minor amounts of recrystallized granoblastic quartz. Sparse thin 
trails of white mica and individual small grains of subordinate 
green biotite define the schistosity. Magnetite is characteristic 
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and more common than in the underlying granitoids, and frequently 
also ubiquitous and visible in hand-specimen. Other accessories 
are sphene, epidote and zircon. Conspicous impregnations of blue 
fluorspar are locally common, especially in the arkoses of the 
northwestern antiform in thrust sheet 6. 
# 
Sample localities for 
Arkose (X) cf. Table 7 
Diamictite, Calc. Schist, Marble, Qz phyllite ( • ) cf. Table 8 y°is 
Stora 
Sjöfallet Quartzite ( o ) cf. Table 9 
Fig.47 Sample localities for Tables 1, 8 and 9. 
With minor, but significant exceptions, the minéralogie com­
position is very similar to that of the granitoids even when 
comparing types of minor and accessory minerals. The exceptions 
are the occurrence of muscovite and its dominance over biotite, 
and that magnetite is relatively more common in the arkoses than 
in the granitoids. The similarities in minéralogie composition 
with the granitoids is also reflected in the chemical composition 
of the arkoses (Table 7, Fig.47), although the latter generally 
show relatively more Si02 and less CaO than the granitoids. 
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TABLE 7. Chemical analyses of arkoses. Sample localities are 
shown in Fig.47. Chemical methods of analysis are the same as 
for Table 2. 
T A B L E  7 .  C h e m i c a l  a n a l y s e s  o f  a r k os e s  
L o c a l i  t y  1  2  3  k  5  6  
S a m p l e  1 7 4 : 2 1  1 7 * »  :  2 9  1 7 5 : 1 0 2  L 7 5  : 1 Q 3  L 7 6 : 8 6  1 7 6 : 8 7  
S
' ° 2  7 8 . 7 3  7 3  . 8 2  7 4 . 3 0  7 3 .  2 4  7 4 . 0 9  7 4 . 3 0  
t î o 2  0 . 5 6  0  - 1 5  .  0 . 1 5  0 . 1 1  0 . 1 3  0 . 3 1  
A 1 2 0  9 . 6 1  1 2 . 9 4  1 3 .2 3  1 2 . 7 0  1 2 . 8 1  1 2 . 7 4  
F . , 0 ,  0 . 5 ' »  0 ,  
. 9 5  0 . 8 2  0 ,  . 0 2  0 . 4 8  1 .3 7  
F e O  0 . 9 7  0 . 6 5  0 . 7 6  0 .6 5  0 .6 5  1 . 2 4  
M n G  a .  0 3  0 .  . 0 2  0 . 0 2  0 ,  . 0 2  0 . 0 3  0 . 0 2  
M g O  0 . 3 5  0 ,  , 1 2  0 . 1 0  0 .  . 0 2  -  0 . 1 0  0 . 1 2  
C a O  1 . 1 2  0 . 9 8  0 . 2 8  1 ,  1 2  0 . 8 4  0 .1 4  
» a  0  1 . 1 4  4 .  . 1 2  4 . 4 4  5 . 63  3 . 6 9  4 . 3 1  4 5 . 1 5  4 .  , 8 0  4 . 1 4  4 .  2 6  4 . 8 4  3 . 6 2  
L . O . I .  1 . 0 7  0 .  6 3  0 . 6 3  0 .  7 5  1 . 1 9  0 . 6 5  
H  0 - 0 . 1 6  0 ,  1 4  0 . 1 6  0 .  1 5  0 . 2 4  0 . 2 0  
V5 0 . 1 0  0 .  0 3  0 . 0 1  0 .  0 6  0 . 0 3  0 . 0 2  
S UM  9 9 - 5 3  9 9 .  3 5  9 9 . 0 4  9 8 .  7 3  9 9 . 1 2  9 9 - 0 4  
3*4*2 Diamictites, calcareous schists and dolomites 
The general stratigraphie context of the diamictites has been 
described above. In the Ritsemjaure Window, diamictites occur as 
very coarse sedimentary breccias, filling decimeter to several 
meters wide vertical fissures in the parautochthonous granitoid 
(Plate I; Map II, Section II). Locally derived large angular 
blocks of the granitoid occur together with smaller clasts of 
quartzite and dolomite in a dark grey, gritty to silty matrix 
(Fig.48). Above the fissured granitoid, the clasts diminish up­
wards in size (Fig.49), simultaneously becoming increasingly 
rounded; they locally acquire a bedding,, identifiable by 
variations in the size of the clasts. Shaly diamictite with few 
clasts, is typical in the upper part of the diamictite sequence. 
The diamictites overlying the granitoids, appear generally to be 
partly detached from their basement, but only minor amounts of 
movement are indicated. 
In thin section, the matrix of the coarser diamictites consists 
of submicroscopic to very fine grained white mica and subordinate 
olive brown biotite, together with quartz and feldspar with ir­
regular grain boundaries. Fine grained calcite occurs as single 
grains and irregular pods in the matrix, and as infillings of 
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cracks in clasts. Iron oxides, probably magnetite, occur evenly 
distributed in the matrix and also draped around clasts. 
Granoblastic recrystallized quartz occurs as bands parallel to 
the weakly defined schistosity. Clasts consist of angular to 
subrounded grains of microperthite, quartzite and shale. The 
shaly diamictites display alternating, regular laminae of ex­
tremely fine grained white mica, minor olive brown biotite and 
chlorite, together with quartz and feldspar. A similar shale, but 
lacking clasts, is also found filling a few decimeters wide fis­
sure in the granite, underlying a polymict conglomerate (Fig.52) 
on an island in the central part of the Ritsemjaure Window (Plate 
I Map II) . 
Fig.48 Diamictite with up to meter-size angular blocks of the 
local granite and occasional smaller clasts of quartzite fil­
ling a >5m wide vertical fissure in the granite. The matrix is 
gritty to silty with a dark grey colour. The walls of the fis­
sure are undeformed with jagged outlines corresponding to the 
angularity of the blocks. Hammer is 0.5m long. Within 
parautochthonous granite on the shore of Akkajaure, Ritsemjaure 
Window. 
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Fig.49 Block of diamictite with angular clasts of granite and 
microperthite arranged in a weak layering. Along the road, eas­
tern side of the Ritsemjaure Window. 
Fig.50 Diamictite, deposited on granite of thrust sheet 6 in 
Karnj elaj åkkå, southwest of Råsse. Angular clasts of microcline 
with cross-hatched twinning, and smaller clasts of quartz and 
saussuritized plagioclase in unsorted layer with crude bedding. 
Part of irregular lens of fine silt with unconformable SO/SI in 
the lower right-hand part of picture. Thin section (+nic). 
Several restricted outcrops of diamictite occur along the 
northwestern margin of the Tysfjord Culmination (Plate I; Main 
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map). These consist of a dark grey mica schist, generally 
strongly deformed and quartz-veined. In one locality, clasts of 
granite and an irregular contact with the underlying granite is 
preserved, indicating a primary contact. However, in another out­
crop, the diamictite is detached and thrust onto a c. 1m thick 
white quartzite. Evidence of such detachment and minor thrusting 
will be discussed further in chapter 4. In thin section the 
matrix of these diamictites consists of recrystallized coarse 
quartz, brown biotite, muscovite and smaller grains of microcline 
with cross-hatched twinning. Clasts consist of microperthite and 
less commonly minor albite. 
In the upper part of Karnjelajåkkå, a similar dark grey diamic­
tite, only a few centimeters to 0.5m thick, with clasts of 
granite and quartzite occurs on the allochthonous granite of 
thrust sheet 6. This diamictite is overlain by western cor­
relatives of the Dividal Group. In thin section, the diamictite 
is seen to consist of the same types of clasts set in a similar 
calcareous very fine grained matrix, as the diamictites in the 
Ritsemjaure Window (Fig.50). 
One chemical analysis of the matrix of a coarse diamictite from 
Karnjelajåkkå is shown, for comparison, together with the 
analysis of calcareous schists in Table 8. Taken from the eastern 
part of thrust sheet 6, this sample represents the most westerly 
derived diamictite, containing pebble-size rock fragments. As 
seen from Table 8, this sample falls within the general chemical 
variation of the calcareous schists. 
A calcareous mica schist, representing a transition between the 
diamictite described in the last paragraph and the more westerly 
deposited calcareous mica schists, is found in the cover of 
thrust sheet 6, SW of Maukovare (Plate I; Main Map). Texturally 
and mineralogically similar to the other more westerly derived 
calcareous schists, this transitional schist also carries micros­
copic subangular to subrounded clasts of quartz, albite and 
microperthite. Fewer, and nearly matrix-size, fragments of 
microperthite occur in the calcareous mica schists west of 
Maukovare, in Raivojåkkå (Plate I; Main Map). 
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TABLE 8. Chemical analyses of diamictite and calcareous mica 
schists. Localities are shown in Fig.47. Chemical methods of 
analysis are the same as for Table 2. 
TABLE 8. Chemical analyses of diamictite, calcareous schist, marble 
S quartz phyl1 i te 
Loca1 i ty 
Sample 
7 
L75:! 09c 
8 
JS73:15 
9 
174:2 
10 
L73:8 
11 
JS73:S 
12 
175:82 
13 
176:64 
Sî°2 62.75 57.30 63.48 33.44 64.23 63.05 66.35 
T i ° 2 0.35 0.61 O.'iSl 0.39 0.55 ' 0.78 0.88 
A12°3 
Fe2°3 
FeO 
11.20 12.02 10.26 6.35 16.32 14.57 14.17 
0.65 1.17 1.73 0.65 1 -89 1.66 2.05 
1.94 4.10 3.08 1.73 1.89 4.63 4.72 
MnO Q.16 0.12 0.16 . 0.73 0.07 0.12 0.10 
MgO 0.47 4.32 3.22 1.53 1.02 0.53 2.09 
CaO 7-98 5.32 5.60 26.23 3.50 1.17 0.19 
Na„Q 3.51 1-55 0.22 0.28 5.46 4.33 1.02 
K20 2.97 4.00 4.37 2.25 2.53 4.55 3.27 
L.O. 1 6.82 8.03 6.38 25.05 2.01 4.54 3.53 
H O "  0.17 0.38 0.46 0.28 0.28 0.55 0.27 
P2°5 0,10 0.13 0.10 0.06 0.17 0.21 nd 
SUM 99.07 99-05 99.57 98.97 99.92 100.64 98.64 
0 i am Î c-
tite 
Calc. 
sch i st 
Cal c. 
sch i st 
Marbl e Quartz 
phyl1 i te 
Mu-8i 
schist 
Quartz 
phyl1 i te 
The calcareous mica schists reach thicknesses of 10-15 meters. A 
strongly transposed foliation, in combination with the weathering 
of calcite and dolomite, gives the schists a characteristic 
pitted weathering surface with quartz-mica lenses. Between the 
gullies of the mountain streams, the outcrops of these schists 
are commonly represented by heaps of brown weathering mica 
gravel, strung out along the thrusts. Mesoscopically visible 
clasts have not been noted in these schists. However, infrequent 
clasts may have been overlooked in these highly strained rocks. 
In thin section, the main minerals of the calcareous mica schists 
are olive to light brown biotite, muscovite, quartz, dolomite and 
calcite. Chlorite is also typical in thrust sheets 6 and 5, but 
disappears in the calcareous mica schists west of Ritsem in 
thrust sheet 5 and overlying thrust sheets. Typical accessories 
are leucoxene, zircon and epidote. Olive-green zoned tourmaline 
is a characteristic accessory in all calcareous mica schists, but 
this mineral is not found in the diamictites. 
The dolomites occurring as clasts in the diamictites are of the 
same type as those occurring as tectonic lenses in the graphitic 
phyllite in Parnej åkkå and as tectonic sheets and lenses in 
Kanisvaratj (Figs.11,12). These are grey-white weathering and 
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massive rocks, generally criss-crossed by quartz and calcite 
healed fractures. In thin section, they are very fine grained, 
with solitary grains of blastic calcite. A fine network of 
cataclastic fractures filled with dark, extremely fine grained or 
submicroscopic carbonates, are crossed by wider and later frac­
tures healed by calcite and quartz. 
Thus, in summary, a westward transition from the clast-rich 
diamictites and to the calcareous mica schists is proposed in the 
Maukovare area in the eastern part of thrust sheet 6. The occur­
rence of tourmaline coincides with the decrease in size and 
apparent disappearance of clasts on the eastern part of thrust 
sheet 6. This is interpreted to suggest the westward transition 
from a terrestrial to a shallow marine environment. 
The layers of micaceous marble on thrust sheets 5, 4 and 2 
represent local deposition with less influence of terrestrial 
mica. The local interlayering of micaceous marble with the cal­
careous mica schist in thrust sheets 6 and 4, indicates a 
stratigraphie association of these rocks. A close association of 
calcareous varved shales and tillite or tillite-like deposits 
with the same types of clasts as in the diamictites of the Ak-
kajaure area, has been reported by Kulling (1948,1951a,1982) from 
the the Lower Allochthon in the Sitojaure area, c. 20km south of 
Stora Sjöfallet. Clasts of dolomite in the tillite-like rocks in 
the Kanisvaratj and Sitojaure areas, and the calcareous character 
of the latter rocks and the varved shales in the Sitojaure area, 
were interpreted by Kulling (1948) to indicate dolomites and cal­
careous rocks in general as source rocks. These relations suggest 
that the stratigraphically dismembered dolomites, occurring in 
the Lower Nappe Complex in Parnejåkkå and Kanisvaratj, belong 
stratigraphically below the diamictites. 
3.4.3 Dividal Group and western correlatives 
The least deformed mineralogy and texture of rocks of the Dividal 
Group are best studied along the thrust front, in basal parts of 
the Autajaure and Ritsemjaure Windows and in the eastern part of 
thrust sheet 6. Ductile deformation of the sedimentary rocks in 
the Tysfjord Culmination and the thrust zones of the Akkajaure 
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Nappe Complex, with re- and neo-crystallization and granoblastic 
grain growth, results in a more equigranular and coarser texture, 
destroying primary textures. This effect is increasing westwards 
and upwards in the tectonostratigraphy. Some rocks from type 
areas are described here. 
Fig.51 Quartzite conglomerate, angular to subrounded clasts of 
quartz and microperthite in a blue grey sandy matrix. Ritsem-
jaure Window. Length of match is c. 5cm. 
The stratigraphy of the Dividal Group and its western cor­
relatives has been given in chapter 2. In the Stora Sjöfallet 
area the basal unit generally consists of a light to bluish grey 
massive very fine grained orthoquartzite. In drillcores E4 & 8, 
the lowest 1-2 dm above the contact with the sandstones of the 
Snawa-Sjöfallet 1 series', include red gravelly clasts of the 
latter rocks (Fig.10). Inclusion of sand-fraction material, in a 
1 dm thick unit, results in a gradual and diffuse basal contact 
in drillcores 6 & 17. The same contact is sharp without clasts in 
drillcore 4, and distinguished by a 15-20 cm thick, dark grey 
arkose with rounded polymict clasts in drillcore 18 and with 
subangular clasts in drillcores 9 & 10. The substrate of the 
arkose is fissured and weathered in the last core. Towards the 
thrusts the autochthonous quartzites are brecciated by cracks of 
recrystallized quartz and minor calcite. 
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Deposited unconformably on a porphyry-bearing conglomerate, a 
white orthoquartzite with a basal conglomerate belonging to the 
Lower Allochthon, can be studied in a roadcut in the Ritsemjaure 
Window (Plate I; Map II, Section II). The lower part of the 
conglomerate consists of clasts mainly of white quartzite set in 
a blue-grey quartzitic matrix. Minor amounts of smaller clasts of 
K-feldspar and occasionally of granite also occur. The clasts are 
subangular to subrounded and elongated in a WNW direction. The 
length in the long axis direction is commonly 2-4 cm, with in­
dividual clasts reaching c. 1 dm (Fig.51). An indistinct bedding, 
c. 2-3 dm thick, is formed by a variation in clast size. Upwards 
the clasts diminish in size and the matrix becomes a white ortho-
quartzite of the same type as that in the overlying quartzite. 
The maximum thickness of this conglomerate is c. 10m. These rocks 
are overlain southwestwards by a blue-grey, locally quartz brec-
ciated, fine grained, massive quartzite. 
Fig.52 Coarsely bedded basal conglomerate, deposited on the 
parautochthonous granite in the Ritsemjaure Window. Angular to 
subangular clasts of granite, quartzite, grey sandstone and 
shale-laminated sandstone is set in a sandy to gravelly matrix. 
Bedding is oriented top-to-bottom in picture. Length of hammer 
0.5m. See text for locality. 
A small deposit of a polymict conglomerate (mentioned in chapter 
2.2.3) with angular to subrounded boulders and pebbles occurs on 
an island in the Ritsemjaure Window (Plate I; Map II, east of the 
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north arrow). The coarsely bedded conglomerate was deposited 
directly on a parautochthonous alkali granite and the clasts con­
sist of granite, quartzite, grey sandstone and shale-laminated 
sandstone (Fig.52). The composition of the clasts suggests a pos­
sible derivation from sedimentary rocks of the lower part of the 
Torneträsk Formation. It is thus suggested that this conglomerate 
represents a local development of a basal conglomerate of this 
formation. 
A minor outcrop of a conglomerate with cm-size pebbles of 
feldspar, blue quartz and white quartzite set in a grey-white 
quartz rich matrix occurs with primary contact on an underlying 
granitoid on one of the larger islands in the Autajaure, in the 
core of the Autajaure Window (Plate I; Map I). This conglomerate 
is c. 2m thick and overlain by a white quartzite. 
The basal quartzite, occurring in upper Karnjelajåkkå (thrust 
sheet 6), is buff white and coarsening to a quartz pebble 
conglomerate towards the base. Upwards, the bedding is tightly 
folded on a WNW-striking axis and the original thickness of the 
quartzite is not known. The pebbles are dominantly of quartzite 
and stretched along the fold axis. The quartzite is overlain by a 
grey quartz phyllite, c. 4m thick. 
Restricted occurrences of white to light grey sugar-grained or-
thoquartzite, in undisturbed position on an underlying granitoid, 
occur west of Nordvatn, along the northern margin of the Tysfjord 
Culmination. A diffuse banding, accentuated by weathering of ac­
cessory calcite may be deformed bedding. 
The matrix of the basal quartzite conglomerates in the Autajaure 
and Ritsemjaure Windows and in thrust sheet 6 in Karnjelajåkkå 
consists mainly of granoblastic quartz with, in the windows, ac­
cessory white mica and opaques. The matrix of the conglomerate in 
Karnjelajåkkå includes more accessories: anhedral Fe-oxides 
(hematite? mainly), clusters and strings of calcite, solitary 
grains of chlorite, epidote, zircon and leucoxene. Varying, but 
minor amounts of calcite is typical in these quartzites as well 
as in the basal quartzite of the Tysfjord Culmination. The 
pebbles of quartzite are consistently more elongated than the 
fewer and commonly rounded to subrounded microperthites with 
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cross-hatched twins. The quartzite pebbles show undulose ex­
tinction, partial internal recrystallization and formation of 
sub-grains along the margins. 
The greater contents of feldspars and calcite in the basal 
conglomerates, as compared to the finer quartzites, is reflected 
in the chemical analyses by lower contents of Si02 and higher 
alkalis and CaO (Table 9). 
TABLE 9 Chemical analyses of quartzites and feldspathic 
quartzites, western correlatives of the Torneträsk Formation. 
Localities are shown in Fig.47. Chemical methods of analysis 
are the same as for Table 2. 
TABL E 9 .  Chemica l  ana l yses  o f  qua r t z i t es  
l oe a1  i t y  
Samp le  
14  
174 :19  
15  
L75 :44  
16  
L75 :74  
17  
L75 :1H  
18  
L76 :40  
19  
176 :51  
20  
1 .76 :91  
2 !  
L77 : 1  
22  
L83 :22a  
S iO  84 .99  87 .22  95 .22  83 . 23  85 .66  87 .25  97 -17  86 .92  90 .06  
no ,  0 .1 9  0 .20  0 .06  1 .50  0 .2 0  0 .26  0 .08  0 .26  0 .1 6  
A l  0  6 .83  3 -5 5  2 .02  5 .2 9  7 . 92  5 .18  0 .72  5 .20  4 .52  
*2 ° !  
FeO 
0 .4 1  0 .11  nd  1 .08  nd  a .  17  !  0 .16  2 .19  0 i l 7  
0 .65  0 .97  0 .32  2 . 87  0 . 27  1 .0 5  0 .64  0 .27  0 .8 3  
MnO 0 .0 1  0 .06  nd  0 .04  nd  0 .0 4  nd  nd  0 .0 2  
MgO 0 .29  0 .25  0 .07  0 .26  0 .01 '  0 . 44  0 .01  0 .21  0 .3 2  
CaO 1  . 1 2  3 .0 8  0 .28  1 .82  nd  1 .6 8  nd  0 .56  0 .5 6  
Na .O  0 .38  0 .34  0 . 04  0 .6 1  4 .56  1 .2 8  nd  nd  1 .13  
k 2 O 4 .4 9  0 . 95  '  1 .41  nd  nd  0 .57  0 .4 1  1 .85  0 .93  
L .O . I .  0 .7 2  2 .7 1  0 .29  2 .2 1  0 .7 1  1 .7 5  0 .7 1  1 .6 3  0 .83  
H2O~ 0 .10  0 .2 1  0 .1 3  0 .05  0 .29  0 .31  0 .1 1  0 ,03  0 .18  
V5 0 .07  0 .1 7  0 .1 0  0 .08  0 .04  0 .06  0 .0 4  0 .03  0 .26  
SUM 100 .25  99 .82  99 .94  99 .04  99 .66  100 .04  100 .05  99 .15  99 .97  
In the duplex of thrust sheet 4 of the Akkajaure Nappe Complex 
(Plate I; Map & Section III) the white basal orthoquartzite is 
replaced laterally and downwards by a medium grey arkose or mica 
laminated greywacke. This relation is seen as an interfingering 
and gradual transition within the uppermost psammite unit of the 
duplex. Similar arkoses and greywackes overlain by quartz phyl-
lites are found in the valley between Kätjåive and Alitoaivi and 
north of the lake Kätsak (Plate I; Main Map). The transitional 
contact suggest that these grey psammites pre-date the western 
correlatives of the Torneträsk Formation, but post-date the 
diamictites and calcareous schists. 
In the Stora Sjöfallet area, a very fine grained grey shale/slate 
overlies the basal quartzites of the Autochthon and the Lower 
Allochthon (Figs.10,11). It consists mainly of white mica (low-K 
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phengite), opaques and granular quartz and albite(?), the small 
grain-size (< 20M) preventing a definite identification of the 
latter. 
Similar fine grained rocks are found locally in the Lower Nappe 
Complex east of Autaj aure, in the structurally lowest parts of 
the Ritsemjaure Window, and in the eastern Raivojåkkå-Nieras part 
of thrust sheet 6. Westwards and structurally upwards in the 
central windows, the bedding and SI are increasingly transposed 
and recrystallized. A westward increase in deformation and 
metamorphic grade is also shown by the pelit.es of thrust sheet 6, 
going from slates and phyllites in the east to mica schists in 
the Tysfjord Culmination. An increase in metamorphic grade and 
deformation from thrust sheet 6 and upwards is seen in the 
central part of the traverse, with the development of a 'button-
schistose 1 phyllonitic appearance and the local preservation of 
early formed garnets (i.e. thrust sheet 5, W of Kallaktjåkkå). 
These vertical differences are not as evident in the Norwegian 
part of the traverse. The quartz phyllites in the Swedish part of 
the traverse commonly consist of phengite, olive-green biotite, 
chlorite, quartz, albite, epidote and accessory tourmaline, 
leucoxene, opaques and apatite. Some quartz phyllites may also 
contain minor, but significant amounts of graphite. The textural 
and metamorphic development of these rocks is given in chapters 4 
and 5. 
The graphite of the graphitic slates and phyllites of the Lower 
Nappe Complex occurs as continuous laminae or submicroscopic or 
very fine grained opaque dust distributed parallel with the be­
dding. Only white mica was identified in the graphitic phyllites 
in the thrust front. Subordinate, and very fine grained, light 
brown biotite occurs in the graphitic phyllites in the eastern 
part of the Autaj aure Window. These rocks contain less biotite, 
chlorite and epidote than the quartz phyllites. Accessory 
minerals are leucoxene, and very subordinate apatite and tour­
maline. 
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4 STRUCTURES 
The major structure and tectonostratigraphic sub-division of the 
Akka jaure-Tysfjord area has been presented in Björklund (1985) 
and is summarized in chapter 2.1. Detailed structural analysis of 
the Caledonian development of the Akkajaure Nappe Complex, the 
Lower Nappe Complex and the autochthonous/parautochthonous 
basement and cover, is given in the following chapters. Based on 
this analysis, tectonic interpretations are discussed in chapter 
4 e 5 » 
A succession of structures are recorded in the Lower and Middle 
Allochthons and their parautochthonous or autochthonous 
substrate. These structures are grouped in a sequence of defor­
mation phases, D1 to D4, defined here. The particular structures 
are distinguished by their character and relation to earlier and 
later structures. 
The earliest structural history of the overlying Seve-Köli Nappe 
Complex partly preceded and probably also was tectonically un­
related to that of the underlying units. The structures of the 
Seve-Köli Nappe Complex are considered here only where they are 
related to and provide information on those of the underlying 
units. Similarly, pre-Caledonian structures, e.g. sedimentary 
structures in the porphyry-bearing conglomerates and magmatic 
structures in granitoids and dolerites, are considered only to 
the extent that they throw light on the Caledonian deformation. 
In the tectonic units below the Seve-Köli Nappe Complex, an early 
slaty cleavage, SI, is transposed by a thrust related cleavage, 
S2. All directly thrust-related structures, such as thrust sur­
faces, mylonitic schistosity and associated stretching lineations 
are for convenience grouped together as D2-structures. The D2 
structures are folded together by transverse F3-folds belonging 
to D3, affecting the entire tectonostratigraphy. These earlier 
structures are refolded by NNE-SSW trending F4-folds. The F4-fold 
axes are parallel with major antiforms or domes exposing the 
deepest levels in the windows. 
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A prolonged successive stacking and propagation of thrusts 
towards the foreland implies that folds initiated by movement on 
a thrust, will themselves be refolded due to movement on another 
later thrust. If these refolds originate under similar mechanical 
conditions, their style and orientation may be expected to be 
similar to the earlier folds. During the progressive thrusting 
towards the foreland, refolding of earlier locked thrusts and 
folds, may in this manner be effected several times due to the 
successive transfer of movement to new thrusts. 
The division of a succession of folds into 'phases1, may suggest 
the existence of time-restricted regional 1 events1 separated by 
•pauses' in time. An emphasis on time may inadvertently give the 
false impression of a discontinuous orogeny. In a foreland 
propagating thrust-belt, large displacements with accompanying 
deformation occur over an extended time-interval. Therefore, the 
D1 to D4 are regarded as a sequence of 1 structural faci.es1  
related to specific tectonic conditions. D1 to D4 only describe a 
geometric succession and relation of structures in a particular 
volume of rock, with no implication of simultaneity; e.g. D2-
structures in different areas and different thrust sheets are not 
likely to be synchronous. F3-folding of an older inactive thrust-
plane (S2) may occur simultaneously with thrusting (D2) elsewhere 
on another 'new' thrust-plane (S2). This emphasize the relation 
of structures of a particular deformation phase to a certain 
structural and mechanical situation, with no reference to time. 
4.1 D1: pre major thrust textures 
Evidence for a Caledonian cleavage established previous to major 
thrusting is best studied in the grey slates/phyllites of the 
Torneträsk Group. Outcrops with a well-preserved, coherent and 
penetrative Sl-cleavage are common in the thrust front and also 
in the cover of the easternmost part of thrust sheet 6 (e.g. 
Ruoksoktjåkka-1Karnjelajåkkå zone•). But, only a few such out­
crops have been found in the Autaj aure and Ritsemjaure Windows. 
West of these outcrops, this cleavage is increasingly disrupted 
and transposed by shearing and metamorphic overprinting, until 
generally obliterated around the Tysfjord Culmination. 
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In the thrust front northwest of the Stora Sjöfallet area, the SI 
continuous slaty cleavage of the grey slates is characterized by 
the preferred orientation of very fine grained (<0.03 mm) white 
mica generally oriented parallel to the bedding. Anastomosing 
seams of opaques and brownish (?oxidized) white mica (<0.05 mm) 
occur irregularly distributed, sub-parallel to the slaty cleavage 
(Fig.53). Reduction of (?) quartz grain-size at margins of seams, 
together with the mineralogy of the seams, suggests the solution 
and redistribution of material as an active process in the 
development of the SI cleavage. 
Fig.53 Irregular seams of opaques and light brownish white mica, 
c. sub-parallel to continuous cleavage shown by very fine 
grained white mica. Grey slate, Lower Nappe Complex, north of 
Stora Sjöfallet. Thin section (-nie). 
In the easternmost part of the Autajaure Window, a grey slate 
exhibits a fine continuous SI slaty cleavage parallel to bedding. 
The bedding is defined by subordinate quartz-rich laminae with 
dispersed Fe-oxides and with interbedded white mica. In thin sec­
tion (Fig.54), buckled quartz-veins perpendicular to SI are 
shortened to 38% of their original length. Quartz-veins at other 
angles to SI show an increasing asymmetry of the buckles with 
decreasing angles between the veins and SI. The vergence of these 
buckles are consistently antithetic to the rotation of the 
quartz-veins. This indicates a rotation towards SI of all quartz 
veins, not initially perpendicular to SI. These textures indicate 
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a significant amount of shortening by pure shear perpendicular to 
SI. Asymmetric F2-folds refold the SI cleavages and the Fl-
buckles of quartz-veins, with an accompanying continuous S2 slaty 
cleavage cutting the SI cleavage at an angle. 
Fig.54 Grey slate with bedding parallel SI slaty cleavage and 
buckled quart veins at oblique angles to SO/SI» Asymmetric F2-
folds refolds the SO/SI and buckled quartz veins. Thin section, 
neg. print (-nie). 
A well bedded (?varved) diamictite of the upper 1shaly facies' 
from, the Ritsemjaure Window, displays a bedding-parallel SI con­
tinuous cleavage, defined by the parallel orientation of grains 
(<0.05 mm) of olive brown biotite, chlorite and subordinate white 
mica (Fig.55). Shortening perpendicular to SI is demonstrated by 
deflection of SI around clastic grains of feldspars. 
The above described three samples all represent the least trans­
ported units from the lowest structural levels of the Lower Nappe 
Complex. Westwards, in the overlying imbricate horses in the same 
Complex, the greater amount of differential slip experienced by 
the farther transported rocks, is demonstrated by the thrust-
related D2 disruption and transposition of the SI cleavage (see 
below). The SI textures described here, indicate a penetrative 
ductile deformation of the rocks with components of solution and 
mechanical redistribution of material. 
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Fig.55 Well-bedded (?varved) slate from the shaly upper facies of 
the diamictite succession, Ritsemjaure Window. Bands of 
chlorite and biotite with bedding-parallel SI cleavage inter-
layers albite-calcite-quartz bands. The SI is deformed by 
spaced S4 crenulation cleavage. Solution along S4 is 
demonstrated by concentration of sphene and opaques along S4. 
Thin section, neg. print (-nie). 
The autochthonous grey slates in the thrust front have not been 
examined in thin section, but exhibit in hand-specimen a SI slaty 
cleavage, similar to that of the grey slate described above 
(Fig.53). Net-works of thin quartz-healed fractures ('quartz-
brecciation') in the underlying quartzites of the Torneträsk 
Formation (Fig.10) are evidence of brittle deformation of these 
rocks. The exact relation of these fractures to the Caledonian 
deformation could not be established from the drillcores alone. 
However, it appears plausible that they are related to thrust 
movements rather than vertical faulting, since, they occur in a 
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number of drillcores from different sites in the autochthonous 
sequence, 
4.2 D2: Syn-thrust structures 
4.2.1 D2: major thrusts and thrust sheets 
The terminology of the thrusts has been presented in chapter 2.1» 
and conforms with that used by Björklund (1985). The Sole Thrust, 
Akka j aure Thrust and Seve-Köli Thrust are distinguished by their 
accompanying high-strain rocks and abnormal juxtaposition of 
lithologies. The individual thrusts of the Akkaj aure Nappe 
Complex are mostly identified in the field by the relatively thin 
sedimentary cover present on the granitoids of each thrust sheet. 
Where these 'key-horizons1 are missing, the thrusts are marked by 
the zones of concentrated strain, as represented, by mylonites; 
they can be traced along strike to where the sedimentary cover 
rockj reappear. The flaggy mylonites and relatively easily 
weathered phyllites/schists contrast with the coarser grained 
granitoids. This difference in physical properties commonly 
results in scarps or incisions in the terrain that are often 
easily recognized on air-photos. 
All thrusts represented on the maps (Plate I) have been mapped 
along strike. The surface geological mapping of the thrusts has 
locally also been supplemented by mapping of the tunnel systems 
and drillcores in the Sitasjaure-Ritsem area (Plate I; Section 
B-B1) and drillcores in the Suorva-Stora Sjöfallet area 
(protocols available from the Swedish Geological Survey). 
The individual thrusts within the Akkaj aure Nappe Complex delimit 
six generally subhorizontal thrust sheets. The upper thrust 
sheets are the thinnest and least extensive (Main Map, Section 
A-A1). Thrusts 1 and 2 diverge individually from the overlying 
Köli Thrust by very small angles and merge again in the Stuor 
Seukok area; they do not appear again further east. The hanging-
wall thrust (HWT) of thrust sheet 1 is thus the Köli Thrust, 
while the HWT of thrust sheet 2 consists partly of the Köli 
Thrust and partly of the thrust 1 (foot-wall thrust, FWT, of 
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thrust sheet 1). The HWT and FWT of both thrust sheets diverge 
and rejoin asymptotically. The Köli Thrust can not be said to 
truncate the underlying thrusts based on their contact relations 
alone. This structural relationship between foot-wall and 
hanging-wall thrusts defines thrust sheets 1 and 2 as large 
horses (Boyer & Elliott 1982). Thrust 3 merges locally beneath 
Raivotjåkkå with the Seve Thrust, before reappearing again c. 
10km further east. The lower thrust sheets extend from the thrust 
front, westwards into Norway. Thrust sheets 4,5 and 6 outcrop 
along the length of Akkajaure. Generally dipping at a low angle 
westwards, these sheets dive beneath erosion level west of Ak­
kajaure, folded by the Ofoten-Sulitelma 'syncline' (Vogt 1922, 
Kautsky 1953, Fig.65). All six thrust sheets of the Akkajaure 
Nappe Complex are present in the western limb of this synform, 
and the lower of these thrust sheets continues along the margin 
of the Tysfjord Culmination further into Norway (Main Map, Sec­
tion A-A1). The continuity of the thrust sheets from the thrust 
front westwards and the preserved tectonostratigraphy from 
basement upwards in the western limb of the Ofoten-Sulitelma syn­
form indicate that thrust sheets 6,5, and 4 are continuous also 
beneath thrust sheet 3 in this synform (cf. Section A-A'). 
A tracing and identification of the individual thrust sheets of 
the Akkajaure Nappe Complex further west in Norway is complicated 
by westward thinning and increasing discontinuity of the sedimen­
tary cover rocks on the granitoids. Also, the thrusts are locally 
repeated by isoclinal folding. The time-consuming along-strike 
mapping of each individual thrust could not be maintained there. 
Nevertheless, the presence within the Akkajaure Nappe Complex of 
thin cover quartzites and arkoses, and less commonly mica 
schists, is documented all the way out to the west coast in the 
Tysfjord area (Plate I; Main Map). 
In the Tysfjord area the least deformed rocks of the Akkajaure 
Nappe Complex are found in the lower thrust sheets. This is the 
same situation as in the Swedish part of the traverse. At least 
three, and possibly four thrust sheets, separated by quartzites, 
arkoses and mylonites are recognized in the Kraakviktind and 
Törnes profiles (Section A - Nat.Boundary). This is interpreted 
to indicate that thrust sheets 6,5,4 and possibly 3 is 
represented in these profiles. Further west, the Kjelkvikfjell 
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and Butten areas represent more northerly and lateral profiles in 
relation to the Akkajaure-Tysfjord axis. An isoclinally folded 
white quartzite, within a tight F4-antiform folding the Köli 
Thrust above Kjelkvikfjell, may indicate the presence of at least 
two individual thrust sheets in that area. No metasediments 
separating thrusts could be recognized within the Akkajaure Nappe 
Complex further north in the Butten area. Mylonites, possibly 
representing thrusts, are restricted to the upper part of the 
Kjelkvikfjell profile and to the uppermost part beneath the Köli 
Thrust in the Butten area. These observations along the west 
coast may indicate the successive northward cut-out of the upper 
thrust sheets beneath the Köli Thrust. 
Direct tracing and correlation in the field of the individual 
thrusts of the Akkajaure Nappe Complex from south to north of the 
Autajaure-Kätsak valley in the central part of the traverse is 
not possible due to lack of exposures just east of Kätsak. Four 
individual thrust sheets rest with a locally pronounced tectonic 
discontinuity on the imbricate horses of the Lower Allochthon, 
northwest of Autajaure (Plate I; Map I). The lower of these, con­
sisting of banded porphyry mylonites and sheared feldspar-
porphyritic dolerites, thins rapidly northward. Due to the lack 
of exposures around the western margin of the Autajaure Window it 
is an open question whether this unit represents a discordant 
upper unit of the Lower Nappe Complex or the cover of thrust 
sheet 6. In Map I the former interpretation is represented since 
a positive correlation in field cannot be demonstrated. However, 
several observations favour that the porphyry sheet is a part of 
thrust sheet 6. These arei 
1. The aberrant discordant occurrence of the porphyry sheet on 
the underlying imbricate stack. 
2. Thrust sheet 6 is the thickest of the Akkajaure Nappe Complex 
units south of the Autajaure Window and can be traced around 
the southern margin of the window. In the rest of the traverse, 
thrust sheet 6 is represented below thrust sheet 5, in other 
words, it is generally the last to be cut out. 
3. The upper thrust sheets 1 and 2 are restricted northward by 
branch-lines in Unna Seukokatj, and are interpreted not to ap­
pear between Kätsak and Autaj aure. This leaves the possibility 
of a northward continuation of the underlying four thrust 
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sheets. The merging of thrust 3 with thrust 2 in eastern Unna 
Seukokatj is local since it reappears again further east. 
Based on these considerations a tectonically simpler (and 
therefore preferable) tentative interpretation may be suggested 
(Fig.56). Correlating the porphyry sheet with thrust sheet 6, 
implies the correlation of the overlying thrust sheets with 
thrust sheets 5,4 and 3. These thrust sheets thin northwards and 
are all cut-out beneath the Seve-Köli Thrust along the northern 
margin of the Autajaure Window. There, the Seve-Köli Nappe 
Complex is in direct contact with the Lower Nappe Complex. 
Branch-line map for thrust sheets 1-6 
Kätjåive 
Kalavarta 
• branch point 
branch-line 
ticks on t he inside of thrust sheet IS. Seuko I 
Distribution of thrust sheets 1-6 
in central part of traverse 
Kätjåive 
it Seukokjaure 
Akkajaure Nappe Complex 
E33 thrust sheet Î 
'Auta­jaure 
basat Seve-Köli Thrust 
thrusts 1-6 
Raivotjfikko 
Fig.56 Distribution, partly inferred (see text), of thrust sheets 
1-6 in the central part of the traverse. Branch-line map in­
dicates the lateral constraints to the individual thrust 
sheets. 
An illustration of this northward restriction of the individual 
thrust sheets within the Akkajaure Nappe Complex can be obtained 
over a larger area with the aid of a branch-line map (Fig.56). A 
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branch-line can be defined as a line along which two thrusts 
merge with each other. Where the merging of two thrusts is cut by 
the erosion surface, the branch-line crops out as a branch point 
(Boyer & Elliott 1982). By connecting these points a model of the 
pre-erosional horizontal dimensions of the thrust sheet may be 
constructed. 
The location of the individual branch-lines in the Autaj aure area 
are, of course, dependent on the correlations discussed above. 
The chosen interpretation in Fig.56 is thought to be the simplest 
and tectonically most logical interpretation. This implies a suc­
cessive northward elimination of the six thrust sheets in the 
central part of the traverse. 
In the eroded corridor between Kätsåive and Alitoaivi (Main Map), 
a sequence of quartz phyllites and arkoses are overlain by 
several sheets of granitoids, each with a cover of quartzite or 
light coloured metaarkose. These units dip 20-400 towards N or 
NNW and are cut discordantly by the overlying Köli Thrust. These 
units overlie the mylonites and phyllonites represented as undif­
ferentiated Middle Allochthon on the Main Map. Their tectonic 
status depends on which thrust sheet in the undifferentiated un­
derlying allochthon they are resting on. If the arkoses and 
phyllites belong to the cover of thrust sheet 3, the overlying 
thrust sheets represent a reoccurrence of thrust sheets 1 and 2 
and perhaps even higher units. These upper thrust sheets may also 
be unrelated to the numbered units in the Akkaj aure Nappe 
Complex. In both cases, this structural setting suggests that the 
marginally mylonitized gabbro by the shore of Sitasjaure, does 
not occur in a window (1Sitasjaure Window1), but is rather a tec­
tonic lens associated with the granitoid sheets. 
The restricted width of the mapped traverse in the N-S direction 
does not allow a detailed evaluation of the geometry of the 
thrust sheets in this direction. However, some general inferences 
can be made. The strike of the thrusts towards NNE across Sitas­
jaure suggests that thrust sheets 1 and 2 do not appear east of 
these strike lines (cf. PI.3, Kulling 1964). Also, it is probable 
that the branch-lines for thrust sheets 3,4,5 and 6 continue from 
the Autaj aure Window towards NNE and the Rombak-Sj angeli Window, 
before, at some point, turning towards the west. 
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A structural thickness reaching 14 00-1700m is inferred for the 
Akkajaure Nappe Complex along the eastern part of Akkajaure (Sec­
tion A-A'). This thickness decreases markedly northwards along a 
WNW-striking line from north of Butten in the west, via the 
southern margin of the Rombak-Sjangeli Window and the smaller 
Singis Window to the Caledonian front (cf. Plate I; Main Tectonic 
Units). A marked general thinning of thrust granitoids towards 
the Rombak-Sjangeli Window and their eventual cut-out north of 
the Singis Window is evident from Kulling1s work (1964). This 
implies a related northward thinning or excision of the in­
dividual thrust sheets of the Akkajaure Nappe Complex. It seems 
plausible this line may be the approximate northerly limit of the 
numbered thrust sheets in the mapped traverse. 
Butten 
Törnes 
Auta-
jaure 
Window 
Nieras 
Singis 
Rombak-
Sjangeti 
Window 
Fig.57 Tentative sketch model of the geometric distribution of 
thrust sheets of the 'northern half' of the Akkajaure Nappe 
Complex, between Akkajaure-Tysfjord and Butten-Rombak-Sjangeli-
Singis. The interpretations in the Rombak-Sjangeli and Singis 
areas are based on Kulling (1964) and Tilke (1986) .  
A tentative model for the geometric distribution of thrust sheets 
within the Akkajaure Nappe Complex is suggested in Fig.57. This 
is based on the considerations discussed above, the Main Map 
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(Plate I) and the general distribution of metasedimentary rocks 
and granitoids as depicted by Kulling (1964; PL.l). Where based 
solely on Kulling (1964), i.e. in the Singis area and eastwards, 
only an approximate distribution is indicated. The presence of 
several zones of metasediments within the Akka j aure Nappe Complex 
south of Akkaj aure (Kautsky 1953, Kulling 1964) indicates a 
generally symmetrical distribution of thrust sheets on both sides 
of the Akkaj aure axis. This local thickening of the Middle Al-
lochthon, constituting the transverse Akkaj aure-Tysfj ord 
antiform, is concluded to be caused mainly by this increased num­
ber of extensive thrust sheets. Additional local thickening is 
produced by isolated large F3-folds, tightly folding together 
thrust sheets along WNW-ESE trending axes (e.g. Fig.7lb 'Nieras 
Fold'). The suggested northerly line of constraint of the num­
bered thrust sheets is interpreted as the cumulative effect of a 
series of lateral hanging-wall ramps belonging to the respective 
thrust sheets. 
The varying character of the Sole Thrust between a clean cut 
thrust and a décollement zone of distributed shear has been 
described in chapters 2 » 1 and 2.3. A general independence of this 
thrust from the Akkaj aure Thrust is suggested by its continuous 
outcropping along the margin of the Tysfjord Culmination. 
However, local merging with the Akkaj aure Thrust is also ex­
emplified by the cut-out of the Lower Nappe Complex in the 
southern part of the Autaj aure Window. Other examples of such 
convergence may be present in the traverse but not eroded for 
inspection. However, as only a local merging is demonstrated in 
the Autaj aure Window in the traverse, the Sole Thrust is depicted 
to be generally sub-parallel with the Akkaj aure Thrust (Plate; 
Section A-A1). It is thought probable that the distribution of 
the Lower Nappe Complex may be similar to that of the cover rocks 
on the granitoids in the Akkaj aure Nappe Complex; i.e. relatively 
thin mostly detached sedimentary horizons, locally thrust 
together with crystalline rocks and thickened into duplexes. 
Also, there is a notable difference in the vertical and ESE-WNW 
dimensions of the duplexes of the Lower Nappe Complex as compared 
to those of the Akkaj aure Nappe Complex. The Luomij åkka duplex in 
the eastern part of thrust sheet 6 represents dimensions inter­
mediate to these. These differences cannot be attributed to 
different amounts of finite strain; more pronounced ESE-WNW 
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dimensions would then be expected for the duplexes in the Ak-
kajaure Nappe Complex. It appears that the Akkajaure Nappe 
Complex and the Lower Nappe Complex record a gradual increase in 
the dimensions of the duplexes, during the successive assemblage 
of these complexes towards the ESE. 
Sedimentary rocks are present in the footwall of all the thrusts 
of the Akkajaure Nappe Complex. They are notably absent beneath 
the Seve-Köli Thrust, except where the latter rests on the 
sedimentary cover of thrust sheet 1 and beneath the branch-points 
with the underlying thrusts (Fig.58). Several explanations are 
possible, the two most obvious being; 
1. A nearly complete stripping away of sedimentary cover rocks 
beneath the Seve-Köli Thrust, due to out-of-sequence movement 
on the latter. 
2. A distribution related to the tectonic assemblage of the Ak­
kajaure Nappe Complex, i.e. not directly related to movements 
on the Seve-Köli Thrust. 
Any explanation of this geometry must consider the ductile nature 
of the major thrusts of the Akkajaure Nappe Complex (chapter 
4.2.4), implying syn-thrust overburdens exceeding 10 km. In the 
case 1, this implies the assemblage, at least, of thrust sheets 
1+2+3 beneath a thick nappe pile, followed by a transfer of 
movement to the Seve-Köli Thrust and an almost complete stripping 
away of cover rocks from the back of thrust sheet 3 to the 
present thrust front, a distance exceeding 100 km. Such a strip­
ping does not appear plausible in view of the evidence for 
superplastic behaviour of quartzite and arkose ultramylonites 
along the thrusts of the Akkajaure Nappe Complex (chapter 4.2.4). 
The successive eastsoutheasterly assembly of the individual 
thrust sheets in piggy-back style, assumed in Fig.13, implies a 
missing sedimentary cover on the trailing foot-wall ramp of each 
thrust sheet. Ideally, the cover rocks will be present all the 
way to the forward edge, where the forward hanging-wall ramp cuts 
through the cover. If the missing cover rocks west of Stuor 
Seukok, on thrust sheets 1+2+3, may be explained by trailing 
foot-wall ramps, it still leaves c. 50 km of missing cover rocks 
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eastwards, between Stuor Seukok and Stora Sjöfallet at the thrust 
front. 
WNW Sdrkdjaure S. Seukok ESE 
Raivotjâkkd -
Maukovare 
A» «L_ 4_ 
I AC 
Fig.58 Schematic transverse section of thrust sheets 1+2+3+4, 
showing that cover rocks (thick black) on granitoids in contact 
with the Seve-Köli Thrust, are restricted to cut-out positions. 
The individual thrust sheets are separated (dotted vertical 
lines) to emphasize that the cover rocks occur almost only be­
low (?protected by) an overlying granotoid thrust sheet. 
This enigma is left unanswered here, but, it appears that the 
•missing® cover rocks are specifically related to the Seve-Köli 
Thrust, since cover rocks are present on the underlying thrust 
sheets 4+5+6 as far as the thrust front (see further chapter 6). 
4.2.2 D2: Duplexes 
A duplex (Dahlstrom 1969,1970) is a special type of imbricate 
thrust system where a series of subsidiary thrusts successively 
branches off from a floor thrust to join asymptotically with an 
overlying roof thrust. This creates an imbricate stacked sequence 
of minor thrust sheets, each bound completely by thrusts 
(Fig.59). The minor thrust sheets are thus by definition horses 
and the duplex may be pictured as a «herd of horses' (Boyer & 
Elliott 1982) . Ideally, the subsidiary thrusts are similar to 
each other in size and shape but may differ considerably in the 
field. One effect of this stacking is a tectonic repetition of 
stratigraphie elements, a 'duplication1 (Dahlstrom 1969,1970). 
Another effect of the stacking is to shorten and thicken the 
original section. 
The major imbricate thrust systems exposed in the Autajaure Win­
dow, the Ritsemjaure Window of the Lower Nappe Complex and and in 
the Akkajaure Nappe Complex between Karnjelajåkkå and the thrust 
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front (thrust sheet 6), all classify as common 'hinterland dip­
ping duplexes' (Fig.59). The exposed lengths of the duplexes in 
the ESE thrust direction (cf. chapters 4.2.3 & 4.5) is 12km, 5km 
and 2.4km respectively. Structural thicknesses are interpreted to 
reach at least 300m, 225m and 250m respectively. Approximate mean 
angles of imbrication between subsidiary thrusts and roof thrusts 
are c. 20° for the duplexes in the Autajaure and Ritsemjaure Win­
dows (Björklund 1985). In the Karnjelajåkkå-Suorva duplex of the 
Akkajaure Nappe Complex, this angle is c. 3-5° for the larger 
porphyry and granite subsidiary sheets, but may locally reach 10-
15e for smaller sedimentary sheets. 
Thrust Systems 
LEADING 
IMBRICATE FAN 
IMBRICATE 
FANS 
TRAILING 
IMBRICATE FAN 
THRUST 
SYSTEMS 
HINTERLAND 
DIPPING DUPLEX 
I— DUPLEXES ANTIFORMAL  
STACK 
FORELAND 
DIPPING DUPLEX 
FIG. 12—Classification of different systems of thrusts; most are imbricate. 
Fig.59 Thrust systems, reproduced from Boyer & Elliott (1982). 
Lacking evidence of the southern cut-out of the subsidiary thrust 
sheets against the roof thrust hampers a detailed determination 
of the strike of the individual horses in the Ritsemj aure Window 
(Plate I; Map II). The local strike of the horses is also in­
fluenced by F3 folding along c. N60W-striking axes. The same type 
of folds are also seen to influence the strikes of lithologie 
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units and their cut-outs against the Akkajaure Thrust (roof 
thrust) in the Autajaure Window (Plate I; Map I). However, the 
general strike towards c. N15-30E and westward dip of the 
lithologie units and horses west of Autaj aure and corresponding 
structures in the Ritsemj aure Window generally favours thrusting 
towards the ESE. 
Although generally dipping towards the WNW, the individual units 
in the Karnj elaj åkkå-Suorva duplex are strongly affected by WNW-
to NW-plunging folds and, east of Suorva, also by isoclinal fol­
ding of the lower limb of the large recumbent Nieras fold 
(Fig.71b). The outcrop of this duplex is also near to its nor­
theasterly cut-out (Plate I; Main Map). This prohibits a detailed 
analysis of the thrust direction, based on strike and dip of 
lithologie units in the Karnj elaj åkkå-Suorva duplex. The 
Karnj elaj åkkå-Suorva duplex differs from the duplexes in the 
Autaj aure and Ritsemjaure Windows, by being roofed by another 
complex zone of duplication. Mostly exposed in the vertical 
cliffs beneath Nieras or partly covered by scree, its precise 
structure could not be mapped. However, evidence for early 
repetition of sedimentary strata by recumbent folding is found in 
the steep incisions and waterfalls of lower Luomijåkkå (Plate I; 
Main Map). 
A special type of thrust system differing from that described 
above is exemplified in thrust sheet 4 in southeastern Stuor 
Seukok (Plate I; Map III & Section III). This structure also dis­
plays thickening by thrust tectonic duplication of strata, but 
lacks the characteristic imbricate aspect of the subsidiary 
thrusts of the hinterland dipping duplex (Fig.60). The beds are 
essentially parallel or subparallel with the thrusts, displaying 
long flats and few ramps. This particular structure consists of 
three units of subsidiary thrust sheets, where the essentially 
flat floor-thrust of the overlying unit cuts, out-of-sequence, 
folded thrusts in the underlying unit and thereafter parallels 
the structure of the underlying unit. These thrusts are dis­
tinctive because they cut upsection, not via a ramp, but by 
breaking out forward from the crest of a monocline while retai­
ning their identity as flats. This structure is repeated in a 
hindward progression at least twice. 
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Fig.60 Out-of-sequence thrusts in duplex in thrust sheet 4, Stuor 
Seukok. A sequence of development is suggested as: 
1. establishment of early thrusts and duplex structure 
2. folding of early floor thrust by ductile simple shear in FW 
3. locking of floor thrust as a consequence of folding, fol­
lowed by out-of-sequence break-out of thrust from crest of 
monocline. 
The underlying granite in the lower part of thrust sheet 4 is 
coarsely protomylonitic and grades into mylonite and 
ultramylonite in the foot-wall of the duplex. The mylonitic 
foliation follows each of the out-of-sequence cut floor thrusts 
(see above), being folded together with these (Fig.60). This fol­
ding of thrusts and mylonites and the sequential order of thrusts 
indicate a progressive development by ductile folding of a shear 
zone and early thrust. When reaching a critical angle, the 
rotated thrust locks, and movement continues on a new thrust with 
the same transport direction. This type of deformation is 
evidence for an origin at depth beneath a thrust sequence thick 
enough for temperatures to exceed the c. 250-300°C transition 
between ductile and brittle conditions (Voll 1976, Sibson 1977). 
The inferred origin at depth excludes an imbricate fan geometry, 
and the eastward continuation of the overlying major thrusts en­
sures the existence of a roof thrust for the duplicated 
structure. In the original definition of duplexes the imbricate 
attitude and asymptotic curving of subsidiary thrusts towards the 
roof and floor thrusts were emphasized (Dahlstrom 1970, Boyer & 
Elliott 1982). The relatively few ramps and subparallel orien­
tation of horses does not give any pronounced imbrication or 
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asymptotic curving. Nonetheless, the structure displays a thicke­
ning by repeated duplication of strata and tectonic stacking of 
horses between a floor and a roof thrust, and the structure is 
therefore interpreted to belong to the family of duplexes. A 
similar out-of-sequence break-out from a monoclinal crest is also 
seen in the erosional remnant of the hindward part of a duplex in 
thrust sheet 5, below the above described duplex. 
The Lower Nappe Complex along the northern margin of the Tysfjord 
Culmination also constitutes a structure thickened by duplication 
of horses. The individual lithologie units vary in thickness from 
a few decimeters up to several tens of meters. The total struc­
tural thickness varies considerably along section in this upright 
culmination; e.g. in Kjelkvikfjell 40m, Törnes 65m, Kraakviktind 
c. 350m and increasing towards the east to reach c. 550m east of 
Nordvatn. The thinner units are commonly cut-out and replaced by 
others or isoclinally repeated. Since no along-strike mapping was 
performed in this area, only the more important thrusts can be 
correlated with the profiles that have been mapped in detail 
(Plate I; Section A-Nat.Boundary). The major lithologie units can 
be followed for 17km over the culmination. The thrusts beneath 
the upper two horses, one of which includes a thick quartz phyl-
lite, appear to merge with the roof thrust (Akkajaure Thrust) in 
the vicinity of Törnes. Deformation generally increases upwards 
by mylonitization and folding. In the lesser deformed basal level 
in the eastern part of the culmination east of Krokvatn, a hin­
terland dipping horse of basal white quartzite and grey quartz 
phyllite floored by a thin granite mylonite is thrust over a ramp 
in a basal quartzite, thereafter following an extensive flat. The 
horses of this duplex are sub-parallel with its roof and floor 
thrusts. As indicated on the Section A-Nat.Boundary and the above 
described structures, the duplex appears to be essentially hin­
terland dipping but with the upper part displaying a weakly 
foreland dipping character. These structural relationships are 
interpreted to indicate an upward increasing total slip towards 
the foreland. The individual slips on each thrust are thought, 
from the mylonitic or phyllonitic state of the rocks, to be 
large, as also evidenced by some of the juxtapositions exceeding 
20km. 
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Apart from these larger duplexes, several other small duplexes 
occur along the thrust zones in the Akkajaure Nappe Complex as 
indicated in chapter 2.4. These, as all the larger duplexes 
described here, also involve repetitions of basement and cover 
rocks. 
Available techniques for balancing restored cross-section have 
been developed in foreland thrust belts with, for these purposes, 
insignificant volume changes due to very low metamorphic imprint 
(cf. Dahlstrom 1970, Elliott & Johnson 1980, Boyer & Elliott 
1982). A rigorous treatment by these methods also requires that 
the cross sectional area of the participating lithologie units is 
constant during thrusting. This means that uncontrolled addition 
or subtraction of rock volumes to the cross sectional area by 
folding oblique or parallel to the section may not be accepted. 
Biotite to biotite-garnet grade metamorphism, and F3 folding 
parallel to or at acute angles to the cross section and transport 
directions influence the rocks in the Akkaj aure-Tysfj ord 
traverse. Furthermore, nowhere is the original stratigraphie 
thicknesses of the allochthonous sedimentary rocks preserved. 
Together with the lack of measurable bed and horse lengths in the 
Karnj ela-Suorva, Autajaure, Ritsemjaure and Stuor Seukok 
duplexes, any 'balancing' would involve liberal amounts of fan­
tasy, and not produce well constrained solutions. 
4.2,3 D2: S2,F2 and L2 
The S2 schistosity, recorded in the rocks of the Akkajaure Nappe 
Complex and the Lower Nappe Complex, is related to the 
penetrative reworking of the rocks during thrusting. S2 generally 
constitutes the main schistosity in these rocks. Especially, in 
quartzo-feldspathic rocks, S2 is mainly expressed as a mylonitic 
foliation (chapter 4.2.4). However, in pelitic rocks the large 
strains caused by thrusting are generally seen as transposition 
and disruption of the bedding-parallel SI cleavage. 
A gradual development to this high strain S2 cleavage, can be 
studied in the lesser deformed pelites in the Lower Nappe 
Complex, along the thrust front and in the Akkajaure and 
Autajaure Windows. In the lesser deformed pelites, the S2 
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cleavage is developed as a fine crenulation cleavage oblique to 
the SO/SI cleavage (Fig.61, cf.Fig.54). Mica is rotated into S2, 
with some recrystallization of white mica along S2. Asymmetric 
F2-folding of the SO/SI is associated with this S2 cleavage. 
These fold-axes trend NNE in the Lower Nappe Complex in the 
thrust front, but are generally transverse to the mountain range 
in the allochthonous rocks further west. Similar structures and 
textures are also found in the cover of the eastern part of 
thrust sheet 6. With higher strains, the more penetrative 
development of the S2 cleavage involves a coarsened grain size 
with growth of white mica, olive green biotite and chlorite and 
isoclinal folding of the SO/SI. 
Fig.61 Quartz phyllite with bedding-parallel SI cleavage, cut at 
a high angle by fine S2 crenulation cleavage. SI white mica is 
rotated into S2 together with some blastesis of slightly coar­
ser white mica. SI/SO is defined by varying content of quartz 
and calcite, white mica and minor graphite. Thrust sheet 6 west 
of Raivojåkkå. Thin section, neg. print (-nie). 
Along the major thrusts of the Akkajaure Nappe Complex in the 
Akkajaure area, quartz phyllites and calcareous mica schists 
typically show, in thin section, shredded 'rafts' of SI mica 
(Fig.62). The cleavage within the 'rafts1 is generally transposed 
into the overall S2 cleavage of the rock, but rootless isoclinal 
F2 fold-hinges of the SI cleavage indicate the high strain 
(Fig.63). 
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Fig.62 Main cleavage S2 in slightly calcareous quartz phyllite, 
defined by disrupted 'rafts' of mica (white mica, green 
biotite, chlorite) and quartz, albite and calcite (dark in 
micrograph). Later gradational S4 crenulation cleavage cuts at 
a high angle the S2 penetrative cleavage. Thrust sheet 4, 
southeastern Unna Seukokatj. Thin section, neg. print (-nie). 
Fig.63 Root-less isoclinal F2 fold-hinge within mica 'raft', 
transposing SI white mica into the penetrative main S2 
cleavage. Calcareous mica schist, thrust sheet 5, M2 adit. Thin 
section. (+nic). 
Further west, along the northern margin of the Tysfjord Cul­
mination, the fine grained SI micas are fully replaced by 
subparallel strain-free coarser grained biotite and white mica 
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(c. 2-3 mm), defining a penetrative S2 cleavage. Despite the ab­
sence of SI mica, rootless isoclinal micro-folds of quartz, with 
the S2 mica defining the axial plane cleavage (Fig.64), indicate 
similar high strains as in the S2 of the lower grade phyllites 
further east, described above. The mostly transverse plunging F2-
folds are only distinguished from the similarly plunging F3-
folds, by their relation to an axial plane cleavage involving 
grain-size reduction, or a S2-cleavage as described above. 
Fig.64 Biotite-muscovite schist, part of tectonized diamictite on 
the Tysfjord granite. Main foliation consisting of banded 
domains of biotite-microcline-quartz and quartz-muscovite-
biotite is parallel to axial surface of isoclinal intrafolial 
F2-fold of quartz. These fold axes are parallel to stretching 
lineations in underlying granite and overlying quartzite. 
Mineral grain boundaries are well equilibrated and quartz 
grains mainly strain free, larger grains may show some undulose 
extinction. Northeastern margin of Tysfjord Window. Thin sec­
tion, neg. print (-nie). 
The main sheet dip of the thrust sheets is controlled by the 
regional F3 and F4 synforms and antiforms (Fig.65). The local 
orientation, on an outcrop scale, of the S2 and •main foliation', 
i.e. transposed SO/SI into S2, is commonly strongly influenced by 
F3-folds of all sizes. Therefore, the F3-folds may cause sig­
nificant local deviations of the orientation of the S2 from the 
gentle overall sheet dips, typical of areas east of the Tysfjord 
Culmination. A stereographic plot of S2 foliations from the Ak-
kaj aure Nappe Complex (duplex structures excluded) shows an 
asymmetric distribution, mainly along an incomplete girdle, with 
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a maximum cluster of S2 poles 0-2 0° SSW from the vertical 
(Fig.66a,b). The pole to a computer calculated best-fit great 
circle to the S2 poles, dips 9° towards N49W. This distribution 
reflects the folding of S2 mainly by asymmetric transverse F3-
folds, on outcrop and larger scale. The influence of the NNE-SSW 
striking F4 synforms and antiforms is indicated by WNW-ESE 
deviations of the S2-poles from an ideal girdle distribution. 
Major antiforms & synforms 
F3a, 
Nieras F4 
antiform • 
synform X 
overturned 4" 
Stora 
Sjöfal let 
Fig.65 Axial traces of major F3 and F4 synforms and antiforms, 
cf. Fig.2. 
A stretching lineation commonly accompanies the S2 cleavage, 
especially the mylonitic foliations in the quartzofeldspathic 
rocks. In the granitoids, this is characterized by the linear 
elongation of mineral aggregates (quartz-feldspar / dark 
minerals), this being progressively more pronounced with the 
development of the mylonitic fabric (Fig.67). In mylonitic 
arkoses and quartzites, the stretching lineation in quartz-rich 
laminae is shown by fibrous quartz, and accentuated by a fine 
linear arrangement of minor mica and accessory minerals (Fig.68). 
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Typically, this mineral aggregate shape lineation gives a coar­
sely streaky appearance to the granitoids and a hazy striped 
colour shading on planar S2 surfaces of quartzofeldspatic 
ultramylonites. 
Fig.66a Stereographic equal area plot of poles to S2 foliations 
from the Akka jaure Nappe Complex, excluding duplex structures. 
Orientations are from the investigated traverse in Sweden as 
well as Norway. 
Fig.66b Contoured plot of Fig.66a. Contour percentage intervals 
are 0.1-3.1, 3.1-6.1, 6.1-9.1, 9.1-12.1, 12.1-15.3. Contouring 
by computer program 1 Stereo1. 
Stretching lineations from the Akkaj aure Nappe Complex are 
plotted stereographically together with elongations of clasts in 
basal conglomerates of the Torneträsk Formation and porphyry 
conglomerates from thrust sheet 5 and 6 as well as the Lower 
Nappe Complex (Fig.69). The elongations show WNW-orientations 
similar to those of the stretching lineations, or possibly 
slightly (5-100) more to the E-W. Computer calculation from vec­
torized values gives a mean strike of N60°W-S60GE for the 
stretching lineations. The scatter of the strikes, away from the 
point maximum, is partly due to folding of these L2 lineations by 
not quite coaxial, recumbent or inclined F3 folds. The steeply 
plunging stretching lineations were obtained from the steeply 
dipping F4 fold-limbs, west of the Tysfjord Culmination (Plate I; 
Section A-A'). 
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Fig.67 Pronounced 'streaky1 stretching lineation L2 in coarse 
protomylonitic granite. Plunge of L2 is N60W/6. Thrust sheet 6, 
shore of Akkajaure east of Slätojåkkåtj. 
Fig.68 Stretching lineation on planar S2 surfaces. Plunge of L2 
is S84W/10. Quartzite ultramylonite below thrust ?l, 1.2km 
southwest of Sitasjaure. 
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Fig«69 Stereographic equal area plot of stretching lineations (+) 
from the Akka jaure Nappe Complex, and elongations of clasts 
(dots) in basal quartzite conglomerates (Torneträsk Formation) 
and porphyry-bearing conglomerates. 
L-S and L-type fabrics are characteristic in the strained coarse 
grained allochthonous rocks, e.g. the granitoids, gabbroids and 
feldspar-porphyritic dolerites. L-type fabrics are common in the 
internal (away from thrusts) parts of the thicker thrust sheets. 
A development in coarse granitoids from a weak L-S to a 
pronounced L-type fabrics with increasing strain, is reflected by 
plots in a Flinn-diagram (axial terminology Flinn 1962) based on 
the dimensions of strained quartz-feldspar aggregates (Fig.7 in 
Björklund 1985). Measurements were made on cut samples from the 
least deformed augen-gneisses from the inner parts of thrust 
sheets 4,5, and 6. The diagram indicates a marked tendency to 
plot in the constrictional field with increasing strain. 
The relationship between D2 and D3 structures is illustrated by a 
study of the Ruoksoktjåkka area, in the eastern part of the 
traverse (Fig.70). There, a dark acid porphyry and an essentially 
monomict porphyry-bearing conglomerate (Ruoksoktj åkka 
conglomerate, cf. chapter 3.2) are overlain by quartzites, quartz 
phyllites and slightly graphitic quartz phyllites; they are 
folded together in a structure interpreted to be a large WNW-
plunging F2 sheath fold. The plunge is derived from the generally 
eastward vergence of F2 synforms and their overturned western 
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limbs, in combination with the plunge of elongated clasts and 
stretching lineations. The axial traces of early F2 synforms of 
Torneträsk Formation metasediments are folded around the Ruok-
soktjåkka conglomerate, their axial planes dipping westwards. The 
strain in the granitoids and the porphyries is higher in the wes­
tern overturned part of the sheath fold; the granitoids having a 
pronounced L-S protomylonite texture on the western side and mas­
sive or slightly lineated on the eastern side. The F2 and L2 
structures are partly refolded by F3 folds (Figs.70,71). Note 
however, the 'boomerang1-like outcrop pattern is the topographic 
effect of a NE-SW trending valley disecting the sheath fold. 
In the Ruoksoktjåkka structure, the clasts of pophyries most com­
monly display a rod-like or flattened cigar-like forms, but 
elongated cake-forms are also found. The Z/X and Y/X or Z/Y and 
Z/X axial ratios (Z>Y>X, Flinn 1962) of the ellipsoid clasts were 
measured along the principal planes of strain on joint surfaces 
in seven localities. The small amount of measured localities are 
insufficient to delineate the distribution of strain in the 
conglomerate, but a more systematic measuring of the almost con­
tinuous outcrop was prevented by ubiquitous lichen. Two 
arithmetic mean axial ratios were calculated from each locality, 
based on c. 20-35 measured clasts per principal plane. The third 
axial ratio was calculated from these two ratios by reducing 
their common axis to unity. The relevant mean axial ratios 
together with bars signifying 2<Tn are plotted in a Flinn diagram 
(Fig.72) and the related K-values (Z/Y:Y/X) are shown on the map 
in Fig.70. The comparatively large & values for the more 
strained conglomerates, indicate the greater variation of the 
individual axial ratios. This is probably an effect of the fact 
that any differences in initial axial ratios and orientations in 
the undeformed state will increase the field of possible forms 
with increasing strain. The overall high strain state of the 
Ruoksoktjåkka conglomerate prohobited any direct observations of 
initial forms and orientations. However, deviations of up to 5° 
of the direction of the Z-axis (longest axis) of individual el­
lipsoids from the mean direction of elongation in the Z-Y plane, 
were observed in lesser deformed localities. This indicates the 
significance of initial primary factors for the variations in the 
finite strain shapes of the measured clasts. 
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Fig.70 Tectonic map and sections of the Ruoksoktjåkka area. Ak-
kajaure Nappe Complex, eastern part of traverse (Plate I). 
It appears that the ciasts from the localities in the center of 
the conglomerate plot in the constrictional field while those of 
the more marginal localities plots in the field of flattening. 
This may support the interpretation of the Ruoksoktjåkka 
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conglomerate and the adjoining supracrustal rocks as a F2 sheath 
fold. It appears less likely that only the strained clast shapes 
of the localities towards the margin of the Ruoksoktjåkka 
conglomerate outcrop, would be preferentially influenced by in­
itially 'flat' clasts. However, the inadequate strain data leaves 
this question open for further investigations. 
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Fig.71 a: Simplified profile of the development of the Ruok­
soktjåkka sheath fold, by the shearing and rotation towards the 
eastsoutheast of a Precambrian basin of supracrustal rocks in 
the foot-wall of thrust 5. 
b: Transverse F3-folding of thrust 5. The profile crosses in 
the Karajel area, the large recumbent fold of thrust sheet 5, 
referred to in the text as the 'Nieras-fold1. 
Dividal Group metasediments (thick black line), Ruoksoktjåkka 
porphyry-bearing conglomerate (rings), porphyry (dots), 
granitoids (crosses). 
A simplified sequence of development is depicted in Fig.71. It is 
suggested that an originally approximately NW-SE striking 
Precambrian basin of porphyries and porphyry conglomerates in the 
granitoids, were unconformably overlain by a sequence of Tor­
neträsk metasediments. Overthrusting by the Caledonian nappes on 
thrust 5 folded together the foot-wall rocks in early F2 folds. 
These folds were extended and their axial surfaces gradually 
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rotated in an ESE-direction by continued movement on thrust 5. 
This resulted in the reshaping of the Precambrian basin into a 
flat cornet-shaped WNW-plunging sheath fold, if s sides dipping 
mainly towards the SW and W. After movement ceased on thrust 5, 
the foot-wall and hanging-wall rocks were folded together by 
asymmetric inclined, transverse F3-folds. 
15-
flattening 
15 Y/X 5 10 
Fig.72 Calculated arithmetic mean axial ratios of porphyry clasts 
from seven localities in the Ruoksoktjåkka conglomerate plotted 
in Flinn-diagram (Flinn 1962,1965). ZSY^X and K - Z/Y:Y/X. 
Note, the origin is Z/Y~Y/X=1. 
No other large sheath folds have been detected in the Akkajaure-
Tysfjord traverse. The key factor in the formation of the 
Ruoksoktjåkka sheath fold appears to have been the ductile defor­
mation beneath a major thrust of a comparatively deep 
structural basin, with rocks of deviating ductility as compared 
to the foot-wall granitoids. 
4.2.4 D2: Mylonites 
Early ductile deformation during D2 resulted in the development 
of mylonitic textures, most intensely in the thrusts. In the 
field, this is most easily recognized in the granitoids, as a 
progressive grain size reduction combined with the development of 
a penetrative S-L foliation. Already fine grained quartz-feldspar 
139 
rocks such as porphyries, arkoses and quartzites acquire an in­
tense planar foliation, commonly with a tectonic banding or 
micaceous schistosity. Micaceous rocks develop a wavy or fish-
scale type of schistosity, often with quartz and/or carbonate 
segregations. The most intensely deformed rocks commonly exhibit 
intrafolial folds. Stretching of mineral aggregates in a WNW-ESE 
direction is general in both coarse grained granitoids away from 
the thrusts as well as in ultramylonites in thrust zones. 
The term mylonite was first defined by Lapworth (1885) and used 
for the highly tectonized rocks occurring above the Moine thrust, 
in the northwest Scottish Highlands. He described the gneisses 
and pegmatites above the thrust as 'crushed, dragged, and ground 
out into a finely-laminated schist or Mylonite (Gr. mylon, a 
mill) composed of shattered fragments of the original crystals of 
the rock ....' and that 'the original crystals are crushed and 
spread out, and new secondary minerals, mica and quartz, are 
developed'. It is notable that Lapworth in his paper never in­
dicated a difference in time between the crystallization of the 
secondary minerals and the break-down of the original minerals. 
Later reviews of terminology, up to the early 1970'ies, em­
phasized the brittle fragmentation as the main agency in mylonite 
genesis (Waters & Campbell 1935, Spry 1969, Higgins 1971). 
However, this view was denied by Bell & Etheridge (1973), who 
explained the textural development of quartz-feldspar mylonites 
as essentially the result of recovery and recrystallization, i.e. 
crystal-plastic deformation. Based on modern materials science, 
Sibson (1977) presented a revised subdivision of fault rocks 
(Fig.73), which is followed here, with this, he abandoned the 
'brittle' genesis of mylonites and their classification as 
cataclastic rocks (cf. Higgins 1971) . Of the fault rocks that are 
cohesive during formation, Sibson's scheme distinguishes between 
two main series with mechanical significance; a random fabrics 
'Cataclasite series' and a foliated 'Mylonite series'. The dis­
tinction based on increasing proportions of newly crystallized 
'matrix' minerals, reflecting a progressive increase in strain, 
is best suited to coarse grained protoliths, e.g. granitoids. 
This approach is more difficult to apply to originally fine 
grained rocks, i.e. porphyries and quartzites. For some of the 
most fine grained porphyries in the Akkajaure area, the high 
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strain has even resulted in a partially coarser grain size by 
recrystallization. 
Table i : Textural classification of fault rocks 
RANDOM - FABRIC FOLIATED 
FAULT BRECCIA 
(visible fragments >30Z of rock mass) 
FAULT GOUCE 
(visible fragments «30t of rock mass) 
ä "2 
S s 
g! 
* * 2 
Il 3 
z 3 ? 
*8 2 
i S 
3 l & «® 
1 « â I 
PSEUDOTACWfLYTE 
CRUSH BRECCIA 
FIKE CRUSH BRECCIA 
CRUSH MICROBRECCIA 
(fragment«*» 0»5 cm) 
(O.lcm « fragsc « 0.5cm) 
(fragments «O.i cm) 
PROTOCATACLASITE 
CATACLASITE 
ULTRACATACLASITE 
PROTOMYLOKITE 
ULTRAWYL08ITE 
BLASTOMYLONITE 
Fig.73 Classification of fault rocks (reproduced 'Table 1' in 
Sibson 1977). 
Gradual transitions and complex interbanding of mylonite series 
rocks are general, especially along the major thrusts in the 
Akkajaure-Tysfjord traverse. The terms of Fig.73 are thus com­
monly applicable only on the scale of hand-specimens and thin-
sections. The scheme of Fig.73 was originally intended as a 
simple reference system and only extensive optical microscopic 
studies of microtexture, preferably combined with electron 
microscopy, may indicate the characteristic deformation 
mechanisms active during faulting. The unequivocal identification 
and interpretation of a particular microtexture in mylonitic 
rocks is frequently not possible with the optical microscope (cf. 
Brodie & Rutter 1985). However, it is thought that a description 
of the typical microtextures of mylonites from different types of 
rocks, may be used to infer the characteristic deformation 
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regimes (Schmid 1982) and suggest general constraints on the 
depth of formation and temperature interval involved during 
thrusting. 
Fig.74a Planar mylonitic banding in felsic porphyries. Discor­
dant, sheared plagioclase porphyritic basic dolerites (D) are 
rotated into acute angles (< 10°) with the mylonitic banding of 
the porphyries. Adit Ml at northwestern margin of Autajaure 
Window. 
Fig.74b Close-up of the mylonitic banding of the porphyries (cf. 
Fig.74a). Isoclinal and WNW-striking, partly intrafolial, F2-
folds are evidence of the ductile deformation during thrusting. 
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Fig.75 Arkose mylonite, light grey to buff grey. The illustrated 
'paper'-like weathering along the thin mica laminations is com­
mon to and particular to the mylonites derived from the massive 
arkoses» Thrust sheet 1, southwestern Unna Seukokatj. 
Fig.76 Well banded quartzite mylonite. This persistence of the 
individual bands and laminae is typical for the mylonites of 
the pelite laminated quartzites as well as the orthoquartzites 
occurring along the thrusts in the Akkajaure and the Lower 
Nappe Complexes. Mylonitic banding is folded together with the 
overlying thrust 2 by tight, assymmetric, parallel F3-folds, 
verging towards the south. Near cut-out of thrust sheet 3, 
southwestern Unna Seukokatj. 
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The ocurrence of porphyries (Fig.74a,b), arkoses (Fig.75) and 
quartzites (Fig.76) within the duplexes or the ductile shear 
zones of the major thrusts is associated with the development of 
a pronounced tectonic banding in these rocks. The subjection of 
the quartzites to very large strains within the major thrust 
zones is reflected by their microtexture. Larger sedimentary 
clasts of quartz are elongated parallel to the tectonic banding. 
They display progressive deformation by undulose extinction, 
deformation bands, sub-grains along deformation bands and ul­
timately the complete dynamic recrystallization of the clast by 
randomizing of the preferred crystallographic orientation of the 
sub-grains. This recrystallization of the clasts implies the loss 
of their crystallographic identity and a general grain-size 
reduction of the quartzite by crystal-plastic deformation. The 
megascopic colour banding corresponds generally to monomineralic 
bands of coarser (0.02-0.05 mm) 'foam texture' quartz, bands of 
finer grained (<0.01 mm) dynamically recrystallized quartz and 
parallel oriented white mica, interbanded with thin laminae of 
white mica and opaques. The quartz grains in the mixed white mica 
and quartz bands, commonly display a platy preferred shape fabric 
parallel to the white micas. 
Fig.77 Coarse grained protomylonite of quartz syenite. Stretching 
lineation plunges N50W/24. Thrust sheet 5, eastsoutheast of 
first capital A in 'AKKAJAURE' Main Map, Plate I. 
Deformation of the most fine grained felsic porphyries resulted 
in a coarsening of the mainly submicroscopic grain-sizes to tex­
tures reminiscent of those of the quartzites, i.e. minéralogie 
compositional and grain-size banding. Elongate feldspar 
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megacrysts show a preferred shape fabric parallel to the 
foliation. Although the result is a tectonite with a pronounced 
S-L or L-fabric, the rock is not an ultramylonite in the sense of 
extreme grain-size reduction. However, on account of the ex­
tremely fine grain size of the porphyries, grain boundary sliding 
may have been the dominating deformation mechanism and the rocks 
may have behaved superplastically in the thrust zones (White 
1976, Hammond in: White 1979). 
The granitoids of the Akkajaure-Tysfj ord area display all 
gradations of the Mylonite series. The granitoids in the deepest 
structural levels of the Autaj aure and the Ritsemj aure Windows 
are generally crush breccias, lacking foliation or lineation. 
Coarse grained protomylonites with a well developed S-L to l-­
fabric , characterize the bulk of the granitoids of the Akkaj aure 
Nappe Complex and the uppermost part of the core of the Tysfjord 
Culmination (Fig.77). Mylonites and ultramylonites of granitoids 
occur mainly along the thrusts, there displaying a micro- and a 
megascopic grain-size interbanding, often combined with a 
minéralogie compositional banding on cm- or dm-scale. Banded 
mylonites comprise a major part of the granitoids of the Lower 
Nappe Complex, along the northern margin of the Tysfjord Cul­
mination, east of Kraakviktind (Fig.78). 
Fig.78 Granitoid mylonite with a pronounced grain-size and 
minéralogie banding, from the Akkaj aure Nappe Complex. View 
along the thrust direction towards eastsoutheast, east of Krok-
vatn, Norway. 
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The microperthites, the main minéralogie constituent of the 
granitoids, constitute the mechanical 'supportive framework1 in 
the massive 'undeformed1 granitoids. The initial deformation of 
the granitoids is essentially cataclastic, effected by the 
brittle fracturing of the microperthites (Fig.79). The fractures 
are mostly transgranular, ending at the margins of the fractured 
grains. Fractures traversing several microperthites and interve­
ning matrix are less common. Most fractures are straight or 
slightly curved. The longer fractures are commonly composed of a 
linked system of several minor fractures, with an overall weakly 
curvilinear geometry. Quartz is the main fracture-filling 
mineral, and green biotite, muscovite and calcite are minor, but 
common, constituents. Their deposition in the opened fractures 
indicates diffusional mass-transfer in a fluid medium. Quartz in 
the fractures varies from strain-free annealed grains sometimes 
with marginal sub-grains, to small recrystallized grains showing 
a pronounced grain-size variation. Grain-shape preferred orien­
tation of quartz at high angles to the fractures, indicating 
extension and sense of opening of the fractures occurs, but is 
less common. 
Fig.79 Fractured mesoperthite in massive granite. Recrystallized 
and annealed quartz, and subordinate calcite fill the frac­
tures. Thin section (+nic). 
Intracrystalline plastic deformation of the original interstitial 
quartz is demonstrated by undulose extinction and deformation 
bands. Sub-grains occur with increasing deformation until the 
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mother-grain is disintegrated to a dynamically recrystallized 
(White 1976) mosaic of small, equant, but inequigranular, grains. 
Thus, the initial deformation of the granitoids involves mostly 
brittle mechanisms ; however, plastic mechanisms as well as fluid 
transfer of material characterize the deformation process. 
By comparison, the textures of the granites in the core of the 
Tysfjord Culmination indicate deformation by recrystallization of 
the microperthites to albite and microcline with cross-hatched 
twins rather than brittle fracturing (Fig.16). However, the 
original microperthites are also traversed and cut by strings of 
strain-free olive green biotite, apparently derived by recrystal­
lization from the interstitial aggregates of dark minerals. 
Irregular broad bands of dynamically recrystallized quartz also 
cut the microperthites, possibly corresponding to the brittle 
fractures in the granitoids further east. The grain-size of the 
recrystallized biotite is also significantly coarser (c. 0.1-
1 mm) in the Tysfjord granite. The matrix quartz occurs as 
dynamically recrystallized equant grains (c. 0.1-0.2 mm) and 
larger anhedral annealed quartz (c. 1 mm). Dynamic recovery of 
the latter is seen by undulose extinction and deformation bands. 
These textures in the Tysfjord granite indicate a higher tem­
perature and a more plastic type of deformation, than has been 
observed in cores of the granitoids of the Ritsemj aure and the 
Autaj aure Windows. 
Evidence for a similar east to west temperature increase is 
recorded by the allochthonous Mylonite series granitoids. This is 
suggested by a significant increase in recrystallized grain-sizes 
west of Akka j aure as compared to further east. 
The transition from the crush-breccias to the foliated 
protomylonites is characterized by the loss of the mechanical 
1 grain-supported1 framework consisting of large microperthite 
crystals in direct contact with each other. Instead, by continued 
fracturing the microperthites become porphyroclasts, surrounded 
by a finer grained matrix of rotated fragments and recrystallized 
minerals. The importance of grain-size reduction of the microper­
thites by brittle fracturing decreases with lessening grain-size. 
The decrease in the relation volume/surface of the grains, is 
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reflected by the increasing development of marginal sub-grains; 
dynamic recrystallization along grain-boundaries dominating as 
the main grain-size reduction mechanism (Fig.80). In detail, the 
irregular grain-boundaries are similar to the 'core and mantle1  
microtexture described from quartz (White 1976). 
By continued grain-size reduction, the porphyroclasts become 
progressively smaller and fewer until ultimately, they are indis­
tinguishable from the dynamically recrystallized matrix minerals. 
In the area north of Akkaj aure, the resultant ultramylonites dis­
play a penetrative foliation and tectonic banding, consisting of 
a variation in dynamic recrystallized grain size and minéralogie 
composition. The grain-size in the finest grained laminae is c. 
0.01-0.02 mm. Streaks of coarser (0.02-0.1 mm) annealed, mainly 
strain-free quartz develops parallel to the- matrix foliation. 
Streaks and laminae of fine grained muscovite, biotite and 
epidote enhance the planar foliation and give rise to a megas­
copic colour banding. Rotation of remaining porphyroclasts is 
shown by § geometry of recrystallized pressure shadow tails, in 
thin sections cut parallel to the megascopic stretching 
lineation. Microperthite porphyroclasts with distinctly elongate 
grain shapes are oriented parallel to the foliation. These are 
frequently exhibiting fractures at high angles to the foliation, 
and sometimes develop a 'bookshelf sliding' texture with a resul­
tant extension along the foliation (Fig.81). Porphyroclasts of 
albite in the mylonites and the ultramylonites frequently show 
bent twin laminae. This bending can sometimes be seen to result 
from displacement along extremely fine fractures. However, it is 
not possible to decide under the optical microscope, whether all 
the bending and kinking of the albite twins results from brittle 
microfracturing, or if some is effected by intracrystalline dif­
fusion mechanisms. 
In the area west of Akkajaure, the dynamically recrystallized 
matrix is increasingly annealed towards the west; in the eastern 
limb of the Tysfjord Culmination, the granitoid mylonites and 
ultramylonites exhibits strain-free quartz and microcline, 
overgrown by parallel laths of biotite (c. 1 mm). Further west, 
along the northern margin of the Tysfjord Culmination and further 
west, the texture is fully annealed with well equilibrated grain-
boundaries. There, the mylonites and ultramylonites may be 
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described as fine grained mica-quartz-feldspar gneisses or 
schists (Fig.82). This westward transition is gradual, and the 
origin of these gneisses by extreme deformation is only obscured 
by this, westwardly increasing, annealing and blastesis. Late- or 
post-mylonitic porphyroblasts of epidote, calcite, skeletal mus-
covite and euhedral magnetite overgrow the foliation in the area 
around the Tysfjord Culmination. Similarly, but less commonly, 
blastesis of late mimetic chlorite and overgrowths of euhedral 
magnetite marks the end of the mylonitization process in the Ak-
kajaure area« 
Fig.80 Fracturing, at a high angle to foliation, of porphyroclast 
of microcline with cross-hatched twinning. Thin mantle of 
subgrains around the grain-margins, is apparently similar to 
the core and mantle texture of quartz (White 1976). Note coar­
ser neocrystallized quartz in the center of fractures between 
the recrystallized 'mantles1. Matrix consists mainly of minor 
fragments and recrystallized microperthite. Protomylonite of 
quartz alkali syenite. Thin section of sample from thrust sheet 
6, south of Autajaure Window. (+nic). 
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Fig.81 Banded ultramylonite of granitoid. Elongated microcline 
porphyroclast, parallel with stretching lineation, demonstrates 
shear sense (sinistral in picture) by 'bookshelf sliding1 tex­
ture. The megascopic banding consists of strings of annealed 
quartz and very fine grained recystallized grains, interbanded 
with porphyroclasts and acessory minerals. Thrust 5, upper 
Jårmejåkkå NW of Raivotjåkkå. Thin section (+nic). 
The gradually more important annealing and late-stage blastesis 
towards the west as compared to the east in the Parautochthon and 
Lower and Akkajaure Nappe Complexes, may be a result of higher 
syn-thrusting temperatures and a surplus in the energy budget of 
the mylonitic processes at the end of the thrusting. The very 
nature of the annealing and neomineralization processes, with 
creation of strain-free grains, well equilibrated grain-
boundaries and equilibrium mineral assemblages, makes evolution 
of their origin very difficult. Whether the annealing was 
strictly a post-shearing event or if intra-crystalline diffusion 
was a major strain-accommodating processes, has not been possible 
to elucidate. However, the textural evidence demonstrates that 
the annealing processes outlasted the shearing along the thrusts, 
from the western limb of the Sulitelma-Ofoten synform and 
westwards (see further chapter 4.4). North of Akkajaure, less 
pronounced but similar conditions prevailed mainly along the 
structurally highest thrusts below the Seve-Köli Thrust. The 
blastesis of epidote, muscovite, chlorite and calcite indicates 
the existence of a significant, mainly hydrous fluid phase during 
thrusting. Hydrolytic weakening of silicates by replacing Si-0 
150 
with Si-OH bonds has long been advocated to enhance ductile 
deformation (Griggs 1967). Presence of water will also facilitate 
ductile deformation by grain boundary diffusion at low grade con­
ditions (Sibson 1977). 
Fig.82 Fine grained augengneissic granite. Fully annealed strain-
free texture of microcline with cross-hatched twinning and 
quartz » Olive green biotite, oriented diagonally across pic­
ture, defines S2. Akkajaure Nappe Complex, Törnes NW Tysfjord 
Culmination. Thin section (+nic) 
After the initial cataclastic break-up of the microperthite fram­
ework, the crystal plastic deformation processes in the matrix 
gained increasing importance over the brittle deformation of the 
microperthites. Thus, the minéralogie deformation of the 
protomylonites and mylonites of the granitoids north of Akkajaure 
was characterized by both brittle and plastic deformation 
processes, and the deformation of the rocks can be regarded as 
'quasi-plastic' (Sibson 1977). Sibson inferred temperatures in 
excess of 250-300°C and overburdens of 10-15 km at normal 
geothermal gradients for this type of behaviour. 
The occurrence of very fine grained ultramylonites, with 
restricted thicknesses (< 15 m) along the major thrust faults of 
the Akkaj aure Nappe Complex, accomodating very large shear 
strains from displacements in the order of 100 km, is suggested 
as evidence for 'superplastic1 deformation. Superplastic flow 
requires a fine grain size, in the order of 0.01 mm or less, and 
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leads to a randomizing of any previous crystallographic preferred 
orientation (White 1977, Hammond in: White 1979, White et al. 
198 0, Schmid 1982). Such a texture is found to be typical for the 
finer grained laminae of the ultramylonites of the granitoids and 
tectonically banded quartzites and porphyries, in the Akkajaure 
and Lower Nappe Complexes, considered here. 
Fig.83a,b Mylonitic garnet-amphibolite from the base of the Seve 
Nappe Complex. Roughly elongate amphiboles are fractured mainly 
along crystallographic cleavages, producing ragged grain-
margins o(see text for further explanation). South of 
Raivotjåkkå. Dark elongate grains with high relief is sphene. 
Thin section (-nie). 
Mylonites of the garnet-amphibolites, occurring along the basal 
thrust of the Seve Nappe Complex, exhibit a foliation defined by 
a crude grain-size variation and preferred grain-shape Orien­
talen. Grain-sizes of the amphiboles are reduced by two 
processes; transgranular fracturing and marginal granulation. The 
transgranular fractures commonly follow the crystallographic 
cleavage planes. The marginal granulation appears to be effected 
by the break-away of 'micro-fragments' mainly along the crystal­
lographic cleavage planes. These 'micro-fragments' are produced 
from a thin zone along the margins, c. 0.02 mm wide, where in­
itially, partly widened cleavages are filled by quartz. 
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Continued dilation of the cleavages and sliding along these leads 
to the removal of the commonly elongate 'micro-fragments' from 
the mother grain. These processes produce rather ragged grain-
margins (Fig.83a,b). Both the transgranular fracturing and the 
marginal granulation involves the introduction of quartz along 
the incipient fractures, presumably by a mass diffusion transport 
mechanism. The observed stages in the production of the 'micro-
fragments1 do not seem to involve or necessitate any 
crystallographic rotation, typical for the recrystallization in 
the mantles of the core and mantle textures of quartz. 
The grain-size reduction of the amphiboles is interpreted to be 
achieved by cataclastic fracturing, combined with mass diffusion 
of quartz. Similar brittle deformation of amphiboles is reported 
to occur up to relatively high temperatures, at least garnet-
amphibolite grade conditions (Brodie & Rutter 1985). The garnets 
are pre-mylonitic, as shown by S-shaped trails of inclusions (S^) 
abutting at high angles against the mylonitic foliation. The gar­
nets appear unaffected by grain-size reduction and to behave as 
rigid rotating bodies in the surrounding matrix. Retrogression of 
amphiboles and garnets is only occasionally noted close to the 
thrust plane. This would suggest that temperatures during thrus­
ting were close to the equilibration temperatures of the garnets 
and amphiboles, and/or low values of P„ _. 
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Evidence indicating a transition from ductile to less 
ductile or even brittle conditions during thrusting are not com­
mon in the traverse, but occurs locally. Two of these features 
are described here. The first can be described as a kind of 
1 internal boudinage'. This was brought about by a necking of tec­
tonic banding in mylonites or ultramylonites in the major thrust 
zones of the Akkajaure Nappe Complex. Typically, the necking oc­
curred along one or a few specific levels within a well banded 
mylonite derived from a granite or a quartz i, te. A train of 
boudins, involving a group of tectonic bands, were produced by 
local thinning and necking, commonly with quartz segregations in 
the intervening fractures. This 'internal boudinage' is found in 
single-protolith mylonites and is not the effect of ductility 
compositional contrasts between mylonites of two different 
protoliths. However, a slightly different mineralogy or coarser 
grain size is always involved (Figs.84a,b). This indicates that 
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only small differences can induce significant ductility contrasts 
in the deforming mylonite zone. This contrast may have been fur­
ther enhanced, either by an increase in superplastic behaviour in 
the finer grained bands, or a less ductile behaviour in the coar­
ser bands by a lowered temperature. 
Fig.84a Localized 'internal boudinage1 in well banded mylonitic 
grey granite, with tension gashes filled with quartz. 
Stretching lineation on S2 mylonitic foliation is oriented at 
an oblique angle to the exposed plane of the boudins. In duplex 
zone of thrust sheet 5. Northwest shore of Akkajaure. 
ï;Sï:S': 
Fig.84b Well banded quartzite mylonite with micaceous laminae. 
Note pinching of 2dm wide band of orthoquartzite lm to the 
right of hammer-handle. Below thrust 2. Stream on northern 
slope of Stuor Seukok. 
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The second example is provided by the deformed granitoids above 
the Akkajaure Thrust, exposed in Parnejåkkå in the thrust front« 
An intense deformation of the massive granitoids of thrust sheet 
6 is distinctly restricted to a c. 5m thick zone above the 
thrust. The upper boundary to this zone is irregular. Blind seams 
and bands of mylonite and phyllonite penetrate, sub-parallel to 
the thrust, into the unfoliated but slightly crush breccia tex­
tured hanging-wall, granitoid (Fig.85a) . 
Fig.85a Crude tectonic banding in c. 5m thick zone above Ak­
kajaure Thrust, in the thrust front. Parnejåkkå. 
See further Figs.85 b,c. 
The internal structure of the zone is characterized by discon­
tinuous bands and pods of dark micaceous phyllonitic and quartz-
feldspar mylonitic material, the latter with a pronounced 
variation in grain-size and development of foliation 
(Figs.85b,c). The development of the foliation in the quartz-
feldspar rich bands and pods vary from non-foliated crush-breccia 
or cataclastic, to diffusely mylonite foliated. Locally, thin 
seams of cataclasite occur sub-parallel to the overall tectonic 
banding. This complex and 1 immature' tectonic banding is further 
deformed by asymmetric, inclined, transverse striking folds. 
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These folds were not observed to fold the thrust. They consist of 
two sets with opposite vergences (Fig.85b), appearing to be con­
temporaneous and representing a conjugate set. 
Figs.85b,c Tectonic banding is folded by conjugate set of asym­
metric folds. Diffusely foliated mylonitic and cataclastic 
quartz-feldspar bands, shear folded together with micaceous 
phyllonitic bands with pods and comminuted porphyroclasts of 
quartz and feldspar. 85c is a close-up of asymmetric fold, 
upper left center of Fig.85b. 
This complicated internal structure and. irregular boundary of the 
shear zone, has only been observed in the hanging wall of the 
Akkajaure Thrust in the thrust front. This differs distinctly 
from the commonly well banded, more uniform type of textural 
development, found above the same thrust in the windows further 
west. The irregular structures and the crude tectonic banding, 
partly with cataclastic textures, indicate a combination of duc­
tile and brittle behaviour. It appears probable that this is the 
result of lower temperatures and lesser overburden towards the 
thrust front. 
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4 . 3 D3: transverse folds 
Transverse F3-folds are the most commonly observed folds in the 
Akka jaure and Lower Nappe Complexes. The F3 folds are observed to 
deform all the thrusts, including the major thrusts and and 
duplexes, as well as the Sole Thrust exposed in the windows. 
These folds are constrained by the evidence that they refold D2~ 
structures, e.g. thrusts (Fig.65), and are themselves refolded by 
the NNE-trending F4 antiforms and synforms. 
The F3 folds may be subdivided into two groups ; south-verging 
folds F3g, and north-verging folds F3N> Frequently, early F3g-
folds are refolded by later folds with similar geometry, type of 
cleavage, orientation and vergence as the earlier transverse 
folds. Observed separately, as is the common situation in the 
field, there is thus no way to distinguish these fold-generations 
by way of style or orientation. Where a sequence can be es­
tablished, these folds are designated F3ag,F3bg...etc in order of 
development. 
The F3g folds are typically similar, asymmetric and inclined or 
recumbent in style. The outcrop pattern in the Akkaj aure Nappe 
Complex on the Swedish side is dominated by open wide flexures to 
tight inclined overfolds. Large F3ag overfolds control the map-
pattern along the northern side of the Akkaj aure valley. These 
are illustrated by the folding of thrust 5 in the 'Nieras-fold' 
(Fig.71b), and between Raivotjåkkå and south of Stuor Seukok 
(Plate I; Tunnel Section B-B1, north of Ritsem). More open F3C O 
folds are illustrated by the tunnel section further north, i.e. 
between 7-13 km. 
The mylonitic banding of quartzites, arkoses and granitoids in 
thrust zones are commonly folded together by early, tight F3ag 
folds with attenuated limbs (Fig.86). The hinges of these folds 
are mostly sub-parallel to the stretching lineations, but are 
frequently seen to fold the latter at an oblique angle (Fig.87). 
An axial surface cleavage, defined mainly by a rotation and 
recrystallization of mica, is expressed on the mylonitic S2 sur­
faces as a fine discrete intersection lineation or crenulation 
lineation (Fig.88). 
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Fig.86 Asymmetrie south-verging F3g folds of quartzite mylonite 
S2 tectonic banding. Note thickening of short sub-vertical 
limbs below hinges and attenuated long sub-horizontal limbs. 
The stretching lineations and the contact with the over- and 
underlying mylonitic granites, are folded by the same set of 
folds (Fig.87). Overturned limb of 'Nieras-fold', south of 
Maukovare. 
Fig.87 Stretching lineations (long pencil) in quartzite mylonite 
folded at oblique angles to the F3g fold-axis. 
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Fig.88 Fine descrete L3 intersection lineation of crenulation 
type. Quartzite,in window through large F3g fold of thrust 5. 
South Stuor Seukok. 
Similarly, away from the thrusts, coarse grained protomylonitic 
granitoids may acquire a crude crenulation or intersection 
lineation by the rotation of S2 fabrics. In these coarse rocks, 
this lineation may easily, at a cursory glance, be mistaken for a 
L2 stretching lineation. As in the mylonite zones, the L3 
lineations are commonly co-axial with the L2 stretching 
lineations. However, locally the L2 stretching lineations are 
folded at oblique angles (Figs.89a,b). 
Fig.89a Asymmetric similar F3„ folds of coarse protomylonitic 
granite. Hinge zone of large F3 overfold on south Stuor 
Seukok. 
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Fig.89b Coarse crenulation lineation parallel to F3g fold 
(Fig«89a) folding striped stretching lineation at oblique 
angle. 
Refolding of F3ag folds by F3bg is seen by the folding of the 
axial surfaces of earlier folds (Figs.70,71b,90a,b). Gentle 
megascopic F3g warps (Fig.90c) influence the map-pattern on Stuor 
Seukok and Unna Seukokatj (Plate I; Main Map). Folds of this 
style also refold (F3bg) the large F3ag 'Nieras-fold' (Fig.71b). 
The F3bg refold in Fig.90b is a tighter version of the warps. 
In an equal area stereographic plot, F3g fold axes from the Ak-
kajaure Nappe Complex and the Lower Nappe Complex from the 
traverse in Sweden and Norway, are clustered as a point maximum 
(Fig.91). Computer calculation from vectorized orientations gives 
a mean trend of N61W-S61E (30QÎ57). This trend corresponds very 
well with the similarly computed mean orientation of the L2 
stretching lineations (299:64) (Fig.69). Poles to the S3 axial 
surfaces of the plotted F3g folds, are distributed in a NE-SW 
oriented diffuse girdle. This distribution reflects the refolding 
of F3a by F3b folds, and a certain clustering on the southwestern 
quadrant also a preponderance of subhorizontal to northeasterly 
dipping S3 axial surfaces. Plots of F3 axes with steep northerly 
plunges and corresponding S3 surfaces striking NNE with subver­
tical dips were obtained from the steeply dipping F4 fold-limbs 
in Norway. 
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Fig.90a-e a: Typical fold style of early F3 folds of quartz-
feldspar mylonites in thrust zones. 
bî Refolding of F3a_ folds by coaxial F3bq (cf. a:)« Beneath 
thrust 2, southwest valley side of Unna Seukokatj. 
c: Megascopic gentle F3 warps of basal Köli Thrust (and FW & 
HW rocks) on Stuor Seukok, also influencing outcrop pattern on 
Unna Seukokatj and refolding the 'Nieras-fold' (cf. Fig.71b). 
d: North-verging F3 folds in quartz phyllites. Lower Nappe 
Complex near cut-out of Akkajaure Nappe Complex. Small islands, 
northern Autajaure Window. 
e: F3 refolding of F3 folds in porphyry mylonites of the 
relatively thin Akkajaure Nappe Complex and overlying Köli mica 
schists, northern Autajaure Window. Tunnel section, cf. Plate 
I) . 
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Fig.91 Equal area stereographic plot of F3q folds (+) and as 
sociated S3 axial planes (squares). 
Fig.92 Equal area stereographic plot of F3„ folds (+) and as­
sociated S3 axial planes (squares). 
F3n folds are less common than the F3g folds in the mapped area. 
The F3n folds appear to occur in a more restricted way than the 
F3S folds; e.g. in a corridor along the northern margin of the 
Autajaure Window and westwards along Kätjåive (Fig.90e), and 
also, south of the Autajaure Window in thrust sheet 6. The F3n 
162 
folds have been observed to refold the F3g folds, never vice 
versa» This appears to indicate that the F3N folds are later, but 
it may be an effect of too few observations of interfering F3g 
and F3n folds. The fold style is typically tight, asymmetric and 
inclined to more open and upright. Accompanying axial surface 
cleavages are of crenulation cleavage type, and usually poorly 
developed in quartz-feldspar rocks. The F3^ folds are observed at 
all scales (Fig.90d,e). Their fold axes show a tendency to trend 
in a more northerly direction, c. N40W, as compared to the F3g. 
An equal area stereographic plot of F3N fold axes and S3 axial 
surfaces reflects the above described geometries (Fig.92). The 
plotted structures are mainly from the center of the traverse. A 
computer calculation from vectorized orientations of the F3^ 
fold-axes gives a mean trend of N37W-S37E (322°84). 
4.4 D4: NNE-striking folds, domes and synforms 
A last deformation phase of regional importance, D4, involves the 
refolding together of the thrust and F3-folded Caledonian nappes 
and the subjacent basement rocks in the windows, along NNE-SSW 
trending axes (Fig.65). The intensity of this deformation in­
creases westwards. This is seen by the closer spacing westwards 
of the axial traces of major synforms and antiforms, and is also 
illustrated by the transverse Section A-A' (Plate I). 
The regional influence of the system of synforms and antiforms 
trending c. NNE-SSW along the orogen was noted early in 
Caledonian research (e.g. Törnebohm 1896, K.O. BjjzSriykke 1905) . 
In south-central Norway, a system of deep synforms or 
1synclinorium1 were identified as the 'Faltungs-graben1 
(Goldschmidt 1912, Ge. Faltung = folding) (11 * in Fig.7). Fur­
ther north, this structure may be compared with what was later 
called the 1Nordlandssyncline' (Vogt 1922) or 'Kj^psvik-
Grunnfjordsyncline' (Foslie 1941). The latter was described by 
Foslie (1941, 1942) and Kautsky (1953) to be 'always overfolded 
towards the west1. Separating the Tysfjord Culmination from the 
coastal HamarjzSy granitoids (chapter 3.1.1) and the Vesterålen-
Lofoten basement rocks, this structure is crossed by the 
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westernmost part of the Akkajaure-Tysfjord traverse. The struc­
ture is there identified as a major slightly inclined west-
vergent overfolded F4 1synclinorium' (Fig.65, Plate I; Section A-
A ' ) • 
East of the Tysfjord Culmination, Vogt (1922) connected a gentle 
synform northwards with the 1 Ofotensyncline1 (cf. Ofoten-synform, 
Fig.2) and southwards with the 1Sulitelmasyncline' (Holmquist 
1900) (Fig.65). This synform is restricted eastwards by the an­
tiformal axis through the Ritsemjaure, Autajaure and the Rombak-
Sjangeli Windows. 
Megascopic and smaller F4 folds, with the same orientation as the 
above described large NNE trending system of antiforms and syn-
forms have a more local and restricted occurrence compared to the 
earlier fold generations. The F4 folds are mostly upright to 
moderately inclined. However, the dip of the axial surface shows 
considerable variation from the generally steep orientation of 
the large antiforms and synforms. The outcrop scale folds are 
typically developed as shear-folds, with a gleittbrett (in low 
grade phyllites, eastern part of the traverse) or a crenulation 
(Fig.55,94) type of axial surface cleavage. Around the Tysfjord 
Culmination, the S4 tends to be more penetrative and the micas 
are strain-free by recrystallization. The S4 cleavage is thus 
generally more penetratively developed towards the west; this is 
accompanied by a change from fine grained bent mica in the east 
to a coarser fabric in the west with straight recrystallized 
mica, annealed quartz and feldspar with equilibrated grain boun­
daries. This indicates that the thermal influence annealing the 
D2 mylonitic textures, in and around the Tysfjord Culmination 
(chapter 4.2.4), also outlasted the D4 event there. 
Outcrop scale folds and related S4 cleavages are comparatively 
rare in the quartzofeldspathic rocks in the main part of the 
traverse, east of the Tysfjord Culmination, e.g. in granitoids, 
porphyries and quartzites (Fig.93). By contrast, the S4 cleavage 
is common or even characteristic in the mica schists and phyl­
lites of the Köli, the Akkaj aure and the Lower Nappe Complexes. 
For example, a S4 crenulation cleavage is commonly well developed 
in the calcareous mica schists (Fig.94) along the major thrusts 
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of the Akkajaure Nappe Complex, while only locally observed in 
the granitoid and arkose mylonites along the same thrust zones. 
Fig.93 Banded grey granitoid mylonites, F4-folded together with 
the overlying Seve-Köli Thrust and Köli garnet-mica schist. 
F4=N12E/4N, S4=N4E/26E. Northeast of Tysfjord Culmination, 
500m east national border. 
Fig.94 Crenulation cleavage (S4) and F4 west-vergent folding of 
S2 main cleavage in calcareous mica schist. F4=N27E/15N, 
S4=N6E/40E. Thrust sheet 5, south Stuor Seukok. 
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In a stereographic equal area plot, the F4 fold axes are 
clustered in a point maximum, the majority with sub-horizontal to 
NNE plunging axes (Fig.95). A computer calculation from vec­
torized orientations, gives a mean strike of N21°E (020:57) and 
mean plunge of 9°N the F4 axes. A westerly cluster of poles to 
the S4 axial planes and cleavages, indicates gentle to moderately 
eastward dips for the majority of the S4 surfaces. Steeper dip­
ping S4 surfaces tend to strike in a northeasterly direction. 
+ -±r 
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Fig.95 Equal area stereographic plot of F4 fold-axes (+) and 
poles to S4 surfaces (squares). From the Lower, Akkajaure and 
Köli Nappe Complexes in the Akka jaure-Tysfjord traverse. 
That all major movement along the thrusts was ended by the advent 
of D4, is indicated by the fact that, all thrusts are folded 
together and locked by the large D4 antiforms and synforms. Fur­
thermore, any significant D4 fault-movements along these major 
thrusts would have decapitated the F3 folds of the thrusts. In 
the Törnes and Kjelkvikf jell limbs of the Kjjbpsvik-Grunnf j ord 
synform, the L2 stretching lineations and F3 fold axes and L3 
lineations are rotated into the trend of the F4 synform, but, 
with steep to subvertical plunges towards the north (cf. Fig.91). 
These latter plunges of reoriented F3 and L3, differ markedly 
from the gentler northward plunges of the F4 fold-axes (Fig.96). 
Further eastwards, the major thrusts, the D2 and D3 folds and 
lineations are gently warped in the Ofoten-Sulitelma synform, and 
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over the NNE-SSW doubly plunging antiforms of basement granitoids 
in the cores of the Autajaure and Ritsemjaure Windows. 
Fig.96 Sketch figure showing reorientation and steepening of 
plunges of originally transverse L2 stretching lineations and 
' F3 folds, by folding in upright F4~synform, e.g. Törnes and 
Kjelkvikfjell. 
The overfolding towards the west of this major D4 synform-
antiform system (Vogt 1922,1941, Foslie 1941,1942), is also 
reflected by the general westward vergence of the outcrop scale 
folds. In the Efjord-Sitasjaure, the Skånland and the Sitasjaure-
Singis areas, north of the Akkaj aure-Tysfj ord traverse, these 
structures coincide wich those identified as D6 by Hodges (1985), 
D4 by Steltenpohl (1987) and D7 by Tilke (1986), backfolding and 
warping the Caledonian nappes and the underlying basement, fol­
lowing the end of major eastward thrusting. Thus, the D4 
structures in the Akkaj aure-Tysfj ord traverse are consistent with 
the regional, late orogenic back-folding (but not back-thrusting) 
of the Caledonian nappe sequence. The weak girdle-formed dis­
tribution, of S4 cleavages rotating around the mean F4 fold-axis, 
illustrates a variation from the main point maximum of moderately 
easterly dips, to steeply southeasterly dips. This dip-variation 
is considered to result from an inhomogeneous distribution of 
shear strain in the back-folded nappe stack of previously folded 
incompetent and competent rocks. 
A few occurrencies of discrete brittle shear zones were found in 
the granitoids in the cores of the Tysfjord Culmination and the 
Ritsemjaure Window. Some zones are composed of one or a few main 
breccia-zones, lcm-2dm thick, joining and bifurcating from each 
other, sometimes also with blind branches. More commonly, the 
brittle shear zones consist of a system of thin, <lcm thick, dark 
cataclasite seams, anastomosing in l-2dm wide zones. In the ex­
tremely well exposed granitoids, coring the Tysfjord Culmination, 
w Kjelkvik E 
post - F4 
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these zones may be followed continuously for 300-400m in a single 
outcrop (Fig.97). 
isiliil 
Fig.97 Thin discrete brittle shear zones anastomozing in c. 0.5m 
wide zone. The vertical shear zones cut WNW striking coarse 
stretching lineation in the granite. Horizontal displacement of 
2-3dm is shown by cut quartz-feldspar pegmatites. Tysfjord Cul­
mination, 4km east of south end of Mannfjord. 
The brittle shear zones are seen to cut the locally occurring 
weak stretching lineation L2 in both the granitoids of the 
Tysfjord Culmination and the Ritsemjaure Window. Where oc­
casionally cutting pegmatites or amphibolite xenoliths, 
horizontal displacements in the order of 1dm to lm are 
demonstrated. Vertical displacements are unknown, but the thick­
nesses and the geometry of the zones, do not suggest any amounts 
of displacment greatly exceeding the horizontal ones. Strikes 
vary between N2 0W-N2 0E, and dips are vertical to subvertical. 
Similar zones are also found in the high, and comparatively 
little lichen covered, mountains of Nieras. It is possible that 
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they also exist in the less 1 clean' allochthonous rocks at lower 
altitudes. Their relation to the Caledonian deformation is uncer­
tain, but their brittle nature even in the deeply eroded Tysfjord 
Culmination and their lack of superimposed deformation suggests a 
late D4 or even post-Caledonian origin. 
4.5 Tectonic interpretations : discussion and conclusions 
In the preceding chapters, several types of structures have been 
presented that may be used as independent evidence to indicate 
the direction of thrusting. 
All duplexes exposed in the Akkajaure Nappe Complex and the Lower 
Nappe Complex of the traverse are hinterland dipping duplexes. 
Despite refolding and insufficiently exposed branch-lines between 
the floor and roof thrusts and the subsidiary thrusts, overall 
syn-thrust c. N15-30E strikes of the imbricate horses are in­
dicated. In the thrust front, foreland verging folds and 
hinterland dipping imbricate horses belonging to the Lower Nappe 
Complex strike c. N20-30E. 
The orienations of stretching lineations from the Akkaj aure Nappe 
Complex and the elongations of conglomerate clasts are shown to 
coincide, displaying a pronounced point maximum in the 
stereographic plot. Their calculated mean strike is N60W-S60E. 
The trend of the sheath-folded Ruoksoktj åkka porphyry 
conglomerate is interpreted to be parallel to the N60W elongation 
of the clasts. Notably, this regionally persistent stretching 
direction, N60W-S60E, is also parallel with the suggested 
northward lateral restriction (branch-lines) of the thrust sheets 
of the Akkaj aure Nappe Complex (Fig.57), as well as to the axis 
of maximum structural thickness of the latter complex along lake 
Akkajaure. 
Together, the above cited structures indicate a S60°E direction 
of transport, i.e. appoximately perpendicular to the present-day 
thrust front. This direction is the same as that concluded by 
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Tilke (198 6) for the equivalent allochtonous rocks in the Rombak-
Sjangeli and Singis areas further north, and by other authors for 
neighbouring areas. 
A characteristic feature in the Akkajaure-Tysfjord traverse is 
the folding of the thrusts and directly thrust-related S2 schis-
tosities by transverse F3-folds. These are found on all scales 
from the microscopic to the major 'Nieras-1 and similar folds. A 
south-vergent group (F3g), locally comprising at least two 
generations, and a less common north vergent group (F3^) are 
distinguished. The stereographic plot of the F3g folds reveals a 
good single point-maximum distribution,, with a calculated mean 
trend of N61W-S61E. F3N folds appear to be later and tend to 
strike more northerly, with a calculated mean trend of N42W-S42E. 
Although locally discordant, a remarkable overall coincidence of 
the orientation of L2 and F3g fold-axes can be demonstrated. 
The common occurrence of folds transverse to the length of the 
Scandinavian Caledonides has been common knowledge since the 
early days of Caledonian research (e.g. Törnebohm 1896, 
K.O. Bj^rlykke 1905). The kinematic interpretation of these folds 
and their relation to transverse stretching and elongation have 
later been a matter of debate (e.g. Strand 1945, Landmark 1951, 
Kvale 1953). Transverse folds and elongation of pebbles in a 
conglomerate occurring beneath a major thrust, in the external 
southern Norwegian Caledonides, were described as coeval by 
Strand (1945). He interpreted this strain as a 'triaxial defor­
mation* due to shear stresses perpendicular to the main SE-NW 
directed shear stresses. 
A few main mechanical hypotheses will be discussed here; 
1. rotation of early folds by simple and/or pure shear into the 
thrust direction (Lindström 1961) 
2. folding due to thrusting parallel to (Olesen 1971) or shear 
parallel/oblique to the mountain chain (by transpression; 
Hartley 1983, Steltenpohl 1987, Steltenpohl & Hartley 1988) 
3. folding induced by flexural slip over deforming, hanging wall 
lateral ramps (Tilke 1986) 
A general southward vergence has been proposed for the transverse 
folds in the Akkajaure-Tysfjord and adjacent areas (Foslie 
170 
1941,1942; Kautsky 1953). However, in a statistical treatment of 
folds associated with thrust movements, Lindström (1961) found 
north- and south-verging folds, interpreted as coeval, to be 
equally common in areas east of the Rombak-Sj angeli Window and 
south of Sitasjaure. South of Akkaj aure, he found south-verging 
folds to dominate over north-verging ones. The existence of both 
vergences in the Rombak-Sjangeli-Singis area was also noted by 
Tilke (1986). Assuming the south- and north-verging transverse 
folds to be coeval and identifying minor separation angles be­
tween the two groups, Lindström (1961) proposed a convergence of 
strikes by shear-induced rotation during thrusting. 
The refolding of F3ag by F3bg and F3g by F3N folds in the 
Akkaj aure-Tysfj ord area does not appear to warrant treating them 
as coeval in the sense of Lindström. Furthermore, the rotation of 
a structure the size of the 1Nieras-fold', with a known hinge-
length of 3 0km, even from a 45° angle to the thrust direction, is 
not supported by the low strain of the granitoids (massive to 
weakly protomylonitic) in the Nieras area. It is suggested that 
the mechanism of rotation was mainly effective on comparatively 
small folds in the mylonitic shear zones along the major thrusts, 
e.g. the transverse rootless intrafolial F2 folds. 
Olesen (1971), Bartley (1983) and Steltenpohl (1987) proposed an 
orogen-parallel transport direction towards the south, based on 
only south- or mainly south-verging transverse folds, respec­
tively. The occurrence, cited above, of vergences in both 
directions testifies against Olesens interprétâti on. The origin, 
of the F3S and F3^ folds in the Akkajaure-Tysfjord area, due to 
transpression along an orogen-parallel fault-zone is possible, 
but appears to require a change from sinistral to dextral strike-
slip. If the reversed slip is taken out along the same 
hypothetical fault-zone, one might expect a greater angle than 
that recorded between the F3g and the F3^ folds (Figs.91,92). 
The movement of a thrust sheet over a foot-wall ramp (lateral, 
oblique or frontal) involves folding of the hanging wall ramp and 
the overlying rocks. A monoclinal up-buckling of a thrust sheet 
will develop over a climbing lateral hanging wall ramp. Over a 
lateral ramp, the flexural slip along the buckled interface with 
the thrust sheet and its overburden, may be expected to induce 
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two sets of colinear opposite-verging folds (Tilke 1986). Fur­
thermore, the lateral ramps being parallel to the thrust 
direction will also favour fold-axes parallel to the latter 
direction. The successive stacking and ramping of thrust sheets 
would produce a series of transverse folds of opposite vergences, 
refolding each other successively. Folding related to deforming 
hanging-wall ramps may at least partly explain the observed se­
quential appearance of F3 folds and their opposite vergencies in 
the Akkajaure-Tysfjord and related areas. On the larger scale, 
the sequential build-up of an antiformal stack parallel to the 
thrust direction, will provoke a gravitational adjustment by 
north and/or south directed spreading from the antiformal axis. 
A successive stacking and transport, piggy-back style, towards 
the ESE of the thrust sheets 1 to 6, was proposed by Björklund 
(1985). Strong evidence in favour of this are the large over­
turned F3-folds locking the thrusts 4 and 5, but not the 
Akkajaure Thrust as seen in the thrust front. This model also 
offers a simple explanation for the higher strains in the upper 
thrust sheets of the Akkajaure Nappe Complex, and the much lower 
strains of the eastern and interior part of thrust sheet 6 
(Björklund 1985); i.e. the highest thrust sheet 1 as the most 
strained and farthest transported as compared to the underlying 
thrust sheets. 
Another line of evidence is provided by the westward excision of 
stratigraphie units in the restored section (Fig.13); i.e. 
graphitic phyllites in the eastern part of thrust sheet 6, and 
grey phyllites in thrust sheet 3. This can be explained by the 
active footwall thrust, of the eastward advancing overlying nappe 
pile, cutting stratigraphically up-section. This requires that 
the successive detachment and stacking of the thrust sheets of 
the Akkajaure Nappe Complex occurred in the hinterland, well 
•behind1 the active thrust front of the overlying nappe pile, as 
it advanced towards the foreland. The existence of a >10 km thick 
overburden during detachment and thrusting of the individual 
basement-cover thrust sheets, as indicated by the ductile nature 
of the thrusts and the metamorphic parageneses (chapter 5), is 
consistent with such a model. 
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The geochemical and pétrographie similarities of the granitoids 
and the stratigraphie correlation of the cover rocks of the Ak-
kajaure Nappe Complex, with those of the Lower Nappe Complex and 
the parautochthonous/autochthonous basement and cover, have been 
demonstrated in chapters 2 and 3. These indicate that the Ak-
kajaure Nappe Complex consists of rock units indigenous to the 
Baltica margin. 
Only a thin Cambrian sequence of the Dividal Group, equivalent to 
that of the Autochthon in the Stora Sjöfallet area, appears to 
have regional occurrence in the Akkajaure Nappe Complex. The 
thicker sequence of upper Vendian psammites and pelites, present 
in the Autochton to the north and south of Stora Sjöfallet, seems 
to be represented only very locally in the allochthonous nappes 
of the Akkajaure area. Likewise, the underlying Early to Late 
Proterozoic cover rocks are also indicated to be present only in 
local basins beneath the diamictites and calcareous mica schists. 
This provides strong evidence, suggesting that the source area 
for the Akkajaure Nappe Complex was a major basement high, with 
only a relatively thin cover, extending from the Stora Sjöfallet 
area and westwards. 
The geometry of the individual thrust sheets are really 1 sheet1 -
like, with horizontal dimensions in the order of 50 km to over 
100 km, and thicknesses of a few hundred meters in the east and 
less westwards. Evidence of a sedimentary cover on each thrust 
sheet, from the thrust front to Tysfjord, is found for at least 
the thrust sheets 6,5 and 4. These geometric relationships imply 
that the thrust sheets were detached along extensive flats, with 
few ramps in the basement, the flats being sub-parallel to the 
basement-cover interface. Based on the above considerations, it 
is concluded that the subduction of a regional basement high with 
its thin cover beneath the advancing outboard nappes, effected a 
successive detachment of extensive thrust sheets from the upper­
most part of the continental crust, i.e. a thin-skin tectonic 
process. 
The thickest and most extensive thrust sheets of the Akkajaure 
Nappe Complex are the lower ones, while the thinnest and least 
extensive are the upper ones. The difference in thickness may to 
a certain degree be attributed to the differences in bulk strain. 
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But, it seems that the lower thrust sheets have a greater struc­
tural thickness of granitoids relative to the sedimentary cover 
rocks. This may be interpreted as evidence for a detachment sur­
face that cut structurally downwards, relative to the cover rocks 
(Fig.13). This is contrary to a normal foreland fold and thrust 
belt, where the sole thrust climbs stratigraphically, with lesser 
basement involvement, towards the forelands This is the case with 
the Lower Nappe Complex, where sheets of crystalline basement 
rocks are typical in the Autajaure and Ritsemjaure Windows, while 
only subordinately, slices occur along the thrust front (Plate 
I y Main Map), in the tunnels (Martna & Hansen 1986) or in the 
Kerkau mountains (Fig.9). However, the thrust sheets of the Ak-
kajaure Nappe Complex are thrust considerable distances, with a 
total estimated cumulate thrust distance on the major thrusts of 
the complex of c. 350-400km (cf. Björklund 1985), and the dimen­
sions and structural style not comparable with those of the Lower 
Nappe Complex. 
A comparison of structural, metamorphic and magmatic development 
of the Caledonides of Greenland and Scandinavia, indicates that 
the margin of Baltica was at least partly subducted to great 
depths during the continent-continent collision with Greenland 
(Cuthbert et al. 1983, Stephens 1988). An analogous orogen is the 
Himalayan continent-continent collision, where the Indian con­
tinent is being subducted. There, the added load of the outboard 
terranes on the leading edge of the Indian plate has been 
proposed to lead to an isostatic crustal-scale down-bending of 
the suture zone and straining of the crust at the bend (Coward 
1983). In this model it was suggested that, if the active foot-
wall thrust was to lock up as a result of the steepening by the 
down-bending, a new thrust would originate, preferentially, from, 
the more strained rocks in the bend. Such a thrust would cut down 
through the down-bended basement-cover interface, into the under­
lying basement. 
A similar development may be argued for the Greenland-Baltica 
collision, with an isostatic down-bend of the margin of Baltica, 
gradually steepening and moving successively eastward. The 
gradually steeper down-bending and consequently more pronounced 
tendency for the sole thrust to cut structurally down-section, 
would produce successive thrust sheets comprising a greater 
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relative proportion of basement rocks (cf. Fig.13). The origin of 
the floor thrusts of the individual thrust sheets at such a bend, 
implies that the detachment of the 'new' basement-cover thrust 
sheet, always occurs on the less loaded foreland side of the 
bend. This process will be favoured as long as the isostatic 
down-bend is propagated forward by the advancing nappe stack. The 
features described above are all consistent with the observed 
thicknesses, granitoid to cover proportions and notably similar 
low metamorphic grade (chapter 5) of the thrust sheets of the 
Akkajaure Nappe Complex. 
During the thrusting and assembly, the allochthonous nappe 
complexes of the Akkajaure-Tysfjord area were deformed by D2 and 
D3 structures. After the locking of the thrusts of these units, 
the whole sequence of nappes were back-folded together with the 
underlying basement (D4). That no significant movement occurred 
along any of the investigated thrusts during D4, is shown by the 
fact that the F3 folds of the thrusts are not decapitated by 
later thrusts. 
The late-stage folding together of the emplaced Caledonian nappe 
stack and the underlying basement is of regional importance and 
documented along the length of the orogen (Bryhni & Sturt 1985, 
Stephens et al. 1985). A relaxation of orogenic stresses may be 
invoked to explain the late back-folding described above. 
However, the correlative up-doming of basement, presently exposed 
in chains of windows along the orogen (Ramberg 1981), also im­
plies a significant activation of the basement, particularly in 
the western parts of the Scandinavian Caledonides. 
Two, in principle different, main mechanisms have been proposed 
to explain the formation of these basement-cored domes and in­
tervening synforms. Vertical diapiric processes driven by density 
inversions, caused by the emplacement of higher density rocks 
onto lower density felsic rocks, have been proposed by Ramberg 
(1966,1981). This model was favoured by Cooper & Bradshaw (1978) 
for the granitoid cored basement-domes in the Salta area, c. 
175km southwest of the Tysfjord Culmination. The second type of 
mechanism involves basement shortening due to essentially sub-
horizontal stresses. An essentially thin-skinned imbrication and 
shortening of the basement beneath the Caledonian nappes has been 
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proposed by Gee (1975,1986), to explain the basement-cored an-
tiforms in the central Scandinavian Caledonides. Imbrication of 
the basement on different scales have been proposed for the 
basement-cored Rombak-Sjangeli Window (Andresen & Tull 1986, Bax 
1986, Tilke 1986). Preliminary data from the on-going crustal 
scale reflection seismic profiling (Hurich et al. in press, Gee 
1988), along the Östersund-Trondheim Global Geoscience Transect, 
indicates the existence of a complex system of deep-crustal 
reflectors, beneath the Caledonian nappes, down to a depth of c. 
18 km in the Storlien-Tevldalen area. The geologic nature of such 
reflectors is presently much debated, but, deep reflectors in 
other orogens, e.g. the Canadian Cordillera (Cook et al. 1988) 
have been correlated with primarily horizontal shortening and 
consequent late doming of the basement substrate beneath the 
emplaced overlying nappes. 
Km ap.s.l 
20-
1 0 -
0-
WNW 
Tysfjord 
Fig.98 Speculative interpretation of late stage stacking of deep 
crustal shear zones over 'master' foot wall ramp, causing the 
system of antiforms and synforms parallel to the Caledonides. 
Fine dots; 'traditional' Caledonian nappes,* Coarse dots: under-
thrust shortened Baltica basement. 
' km. a. p. s. 1.' = kilometers above present sea-level, i.e. 
without syn-Caledonian isostatic depression of Baltic margin. 
The possibility of a system of deep crustal shear-zones, respon­
sible for the dome-structures and expected to show up as 
reflectors in reflection seismics records, are depicted in a 
sketch profile in Fig.98. Large scale displacements, comparable 
to those of the overlying nappes is not necessarily implied, but 
a deep crustal shortening with a total shear resulting in the 
well-known basement-cored windows. Complex stacking, initiated 
over a deep 'master' frontal foot-wall ramp, may result in local 
back-folding in the hinterland of the 'basement' and the over-
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lying Caledonian nappes. This mechanism of essentially sub-
horizontal basement shortening is favoured in the Akkajaure-
Tysfjord area. However, a density-driven, solid-state plastic 
diapiric modification of domes, initiated by crustal shortening, 
cannot be excluded. Western basement domes with extremely 
complicated inter-folding of the overlying Caledonian nappes may 
be examples of such processes (ef. Krill 1985, Cooper & Bradshaw 
1978). 
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5 METAMORPHISM 
The Caledonian metamorphic development of the rocks below the 
Seve-Köli Nappe Complex is directly related to the structural 
development described in the previous chapter. The main metamor­
phic imprint is related to the more or less penetrative reworking 
of the rocks during thrusting, i.e. the D2 textural development. 
To provide more detailed information on the P-T conditions during 
thrusting, a metamorphic study was made especially on the rocks 
occurring along the thrust zones. 
The regional occurrence of litho-stratigraphically recognizable 
metasedimentary units along the major thrusts, within and below 
the Akkajaure Nappe Complex, has been described above (cf. 
Fig.13). This offers the possibility to study metamorphic changes 
of a particular lithologie unit, thus limiting the effect of 
variations in the bulk chemical composition on the metamorphic 
mineral assemblages. The calcareous mica schists and quartz 
phyllites/mica schists have been the main rocks used to define 
the characteristic metamorphic assemblages. Corroborating 
evidence is obtained from greenstones/greenschists (metamorphosed 
dolerites), micaceous marbles and quartzo-feldspathic mylonites 
(cf. chapters 3.1.1, 4.2.4). 
In the Lower Nappe Complex of the thrust front, the characteris­
tic metamorphic mineral assemblages belong to the SI fabric. 
These comprise quartz, white mica, calcite, opaques and 
(?)albite, generally with very fine grain sizes (< 2 0^). Biotite 
has not been recorded in the lower units of grey slate. Further 
west, the same mineral assemblage, but with incipient growth of 
biotite, characterizes the very fine grained grey slate occurring 
locally in the structurally lowest parts of the Lower Nappe 
Complex in the Autajaure (Fig.54) and Ritsemjaure Windows. With 
increasing transposition of the SI to S2, the existing SI 
minerals are recrystallized and coarsened. With increasing D2 
reworking, new minerals occur and biotite becomes characteristic. 
The mineral assemblage typical for most of the phyllitic 
metapelites in the Autajaure and Ritsemjaure Windows comprises 
phengite white mica, light brown or olive green biotite, 
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chlorite, albite, epidote, quartz and accessory leucoxene, tour­
maline and apatite. Further west in the coarser grained mica 
schists of the Tysfjord Culmination, chlorite, albite, epidote 
and calcite disappear and plagioclase (An= c.35%) and microcline 
occur. A few garnets are found in a granite mylonite, 1 dm below 
the foot-wall thrust of the Lower Nappe Complex there. These are 
Fe-Al garnets with high contents of the grossular and spessartine 
components, typically with XCa=0.36 and X^^O. 06-0.10, where X, ~ 
i/(Fe+Mg+Ca+Mn). Similar garnets are also found within the Lower 
Nappe Complex, west of Lilla Mannfjellvatn (Plate I; Sect.A-
Nat.Boundary). There, garnets occur in zones of planar S2 biotite 
schistose granitoid mylonites. No garnets are found above and 
below these meter thick zones, where the S2 fabric is strongly F3 
folded and overprinted by S3 crenulation cleavage. Further west, 
on Kjelkvikfjell, only a few garnets are found in granite 
mylonites belonging to the Lower Nappe Complex below the Ak-
kajaure Thrust. These garnets are of comparable composition to 
those described above (Fig.99). 
calcite 
epidote 
plagioclase 
albite 
garnet 
chlorite 
biotite 
white mica 
microcline 
sphene/ieucox. • 
tourmaline 
quartz 
apatite 
-Ï&: *? 
red brown 
phengitic 
W. coast 
Norway 
Tysfjord 
Culm. 
brown/green 
phengite •illitic" 
Ritsemjaure W. Thrust 
Autajaure W Front 
Fig.99 East-west occurrence of S1-S2 metamorphic minerals in 
metapelites and granitoid mylonites, belonging to the Lower 
Nappe Complex. 
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An east to west increase in D1-D2 metamorphic grade is also dis­
played by the sedimentary cover rocks of thrust sheet 6 of the 
Akkajaure Nappe Complex. In the easternmost part of the traverse, 
the quartz phyllites are as fine grained as those of the Lower 
Nappe Complex below. The S2 mineral assemblage is the same, with 
the addition locally of very fine grained biotite. A few of the 
larger grains of S2 white mica are large enough to be analysed by 
microprobe. They are characterized by deficient K contents 
4+ (=0.92), and the highest analysed Si (mean=3.39) in the whole 
traverse (Fig.100, formula proportions based on 11 oxygen). 
Going west, towards the Autajaure and Ritsemjaure Windows, the S2 
mineral assemblages of the thrust sheet 6 cover rocks are similar 
to those of the structurally highest units of the Lower Nappe 
Complex there. In the Akkajaure Nappe Complex between the 
Autajaure and Ritsemjaure Windows and the Tysfjord Culmination, 
the S2 schistosity of greenschists, granitoid mylonites, cal­
careous mica schists, arkoses and quartz phyllites is defined by 
mineral assemblages comprising white mica, chlorite, biotite, 
quartz, albite, epidote, calcite, sphene/leucoxene and Fe-oxides 
in various combinations. Coexisting calcite, dolomite and quartz 
are also found in the calcareous mica schists. Around the 
Tysfjord Culmination, albite, calcite and chlorite disappear and 
oligoclase and microcline occur. 
Garnets have only been found in a few restricted localities 
within the Akkajaure Nappe Complex; in grey quartzo-feldspathic 
mylonites below the Köli Thrust, in Kjelkvikfjell, west of the 
Tysfjord Culmination and on Kraakviktind, along the northwestern 
margin of the Tysfjord Culmination. The only occurrence of garnet 
found in the Akkajaure Nappe Complex on the Swedish side is in 
quartz phyllites belonging to thrust sheet 4, just south of the 
southern end of the Autajaure Window. The S2 schistosity is a 
strongly transposed SI, and the garnets have pre-S2 rotated in­
clusion trails. The garnets are zoned and generally have an 
inclusion rich core surrounded by a clear rim (cf. Fig.102). The 
garnets are Fe-Al rich, with high grossular and spessartine con­
tents. The cores are slightly richer in Ca and Mn, X_ =0.25 and C*cl 
XMn=0'18' as comPared to the rims with meanXCa=0.22 and xMn=0-03-
0.16. 
Lower Nappe Complex 
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Fig.100 East-west variation of chemical compositions of white 
mica and biotite, within Lower Nappe Complex and the lower 
units of Akkajaure Nappe Complex. The chemical compositions are 
recalculated to formula proportions, based on 11 anhydrous 
oxygens. Mean values are marked by crosses or points, vertical 
bars showing variation of analysis of analysed grains in thin 
section. Around 5-15 grains/thin section of biotite and white 
mica were analysed. Tentative best-fit reference lines are 
drawn for comparison. 
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Generally, despite a wide variety of rock types, i.e. bulk rock 
geochemistry, garnet is only found in a few restricted localities 
in mylonites or phyllonites along and below major thrusts, mainly 
the Sole Thrust, the Akkajaure Thrust and the Köli Thrust. Gar­
nets analysed by microprobe from these localities are all Fe-Al 
rich with high X_, = c. 0.40±0.03. Textural evidence indicates 3 Ca+Mn 
that the garnets have grown during D1 to D2. In a few samples Mg-
rich S2 chlorite coexists with garnet, without sign of 
chloritization of the latter. The mineral assemblages, the 
chemistry of the garnets and their scarcity suggest they are low-
temperature garnets. Their scarcity and spatial association to 
the zones of highest strain in the Akkajaure area may indicate 
that high strain energies helped to overcome otherwise insuf­
ficient P-T-X conditions. This would imply that the formation of 
such garnets indicates the upper limit of the P-T conditions 
reached during thrusting. 
In an attempt to detail the relative westward increase in grade 
of metamorphism, and also to estimate the P-T conditions along 
the thrusts during thrusting, the mineral chemistry of coexisting 
minerals was analysed by microprobe in 34 samples from 
slates/phyllites/mica schists. These samples were selected 
beneath the major thrusts of the Akkajaure Nappe Complex, and 
from the Lower Nappe Complex exposed in the windows. 
About a third of the samples were investigated at the Grant In­
stitute of Geology, Edinburgh (1977), using a Cambridge 
Instrument's electron microprobe equipped with an energy disper­
sive X-ray analytical system. This instrument was run at 20 kV 
and 3 nA sample current with a beam size of 1-2 /u and 40 sec 
count times. The analyses were corrected on line ULing an EDS-
program version CEF/1. Subsequently another suite of samples were 
investigated on an automated ARL-SEMQ electron microprobe with a 
wavelength dispersive analytical system at the Dept. of Geology, 
Bergen (1984). The instrument was operated at 15 kV and 10 nA 
sample current with count times of 20 sec for peak and 4 sec for 
background. The analyses were corrected on line using the SAP 
•Short Silicate Analysis Program* via MAGIC IV. A few samples run 
on the Edinburgh probe were also run at Bergen for a double check 
on reproducibility and compatibility of results from the two in­
struments. No differences in terms of reproducibility and 
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significance for calculation of KD-values for coexisting mineral 
pairs were found. A diffused beam (Edinburgh) was used for the 
carbonates of sample JS73:15 to minimize volatilization problems. 
In an attempt to document the east-west change in metamorphic 
grade described above, as a comparable change in mineral 
chemistry, 5 to 15 grains of phengite white mica and biotite were 
investigated in each sample. The result of these analyses are 
shown in Fig.100. The chemical compositions of the micas are 
presented as formula proportions, calculated on the basis of 11 
anhydrous oxygens/formula unit. Full tetrahedral occupancy by 
Si4+ and Al3+ totalling 4 ions is assumed and all Ti* is assigned 
to the octahedral site. The occurrence of coexisting buffering Fe 
and Mg carrying phases, such as Fe-oxides and tourmaline in­
dicates that the analysed micas are saturated concerning Fe and 
Mg. 
None of the analysed white micas have compositions conforming to 
the ideal muscovite formula K Al^1(AlSi*V)0.. (OH)_. Excess Si44 
2+ 2+ (>3) and contents of Fe and Mg classify the white micas as 
phengites or phengitic white mica, with substitutions according 
to: (Fe2+,Mg2+) Si4+ —A1VIA1IV. Some of these white micas also 
show significant contents of Na substituting for K, indicating a 
minor component of paragonite. The grains with maximum Na/Na+K 
are represented in Fig.100. 
A decrease of Si4+ and increase of Na/Na+K towards the west is 
demonstrated for the white micas of the Lower Nappe Complex 
(-below the Akkajaure Thrust) and thrust sheet 6 (=below thrust 
5). In other words, the white micas are de-phengitised and show 
an increasing solid solution of paragonite towards the west. Only 
a few samples were analysed in the middle of the traverse from 
thrust sheets 4 and 5. However, the compositions of the white 
micas there are similar to those in the underlying tectonic 
units. A difference in Si4+ content between SI and S2 white micas 
in individual samples is commonly found locally in the center of 
the traverse. However, the variations do not appear to be consis­
tent, since Si4+ is higher in SI than S2 white micas in some 
samples and the reverse is true in samples from other outcrops. 
The variation of Si4+ content for SI white micas in an individual 
sample is commonly greater than that for S2 white micas in the 
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center of the traverse. No such differences m Si content be­
tween SI and S2 white micas were detected around and west of the 
4+ Tysfjord Culmination, and the withm-sample variation of Si 
content is much less there. This is evidence for a more 
pronounced syn- or post-D2 equilibration of the SI and S2 white 
micas around the Tysfjord Culmination as compared to further 
east. 
A comparable east to west gradual change of chemistry is 
documented for the biotites. Replacement of (Mg,Fe*) by oc­
tahedral Al and increasing contents of Ti* is recorded from east 
to west, within the metapelitic cover rocks of the Lower Nappe 
Complex and thrust sheet 6 of the Akkajaure Nappe Complex, 
respectively. A similar tendency for a westerly equilibration, as 
described above for the SI and S2 white micas, is demonstrated by 
the SI and S2 biotites (Fig.100). 
In summary, an east to west increase in metamorphic grade is 
demonstrated within the Lower Nappe Complex with chlorite-
phengite in the thrust front, first income of biotite in the 
eastern part of the Autajaure Window and appearence of oligoclase 
and rare Ca-Mn rich Fe-Al garnet in the Tysfjord Culmination. 
Biotite occurs already at the thrust front in the overlying Ak­
kajaure Nappe Complex and quartz-dolomite is stable in the center 
of the traverse, south of the Autajaure Window. Around and west 
of the Tysfjord Culmination the mineral assemblages are similar 
in the Akkajaure and the Lower Nappe Complexes. A slight vertical 
increase in metamorphic grade within the Akkajaure Nappe Complex 
is demonstrated by the occurrence of Ca-Mn rich Fe-Al garnets 
beneath thrust 3 in the center of the traverse. These changes in 
metamorphic grade are also reflected by gradual changes in the 
chemical composition of micas (Fig.100). 
A westward increase of Ti in biotite, Na in white mica (Eugster & 
Yoder 1955, Iiyama 1964), together with a decrease of Si4+ in 
white mica (Velde 1965), indicate a westward increase of syn-D2 
temperatures within the Akkajaure and the Lower Nappe Complexes. 
Temperatures interpreted from experimental results on the 
muscovite-paragonite join (Eugster & Yoder 1955) are on the lower 
side of the range of temperatures (c. 320-365°C for the 5-6% 
Na/Na+K in muscovite recorded around the Tysfjord Culmination) 
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suggested by the element distributions of other mineral pairs 
(see below). However, little is known of the effect of pressure 
and phengite content on the paragonite-muscovite join, and more 
data are needed to establish the maximum saturation of paragonite 
in solid solution in the white micas from the traverse. 
In an attempt to constrain the P-T conditions prevalent along the 
thrusts during thrusting, several geothermo-barometers were ap­
plied to three garnet-bearing samples and one with coexisting 
calcite and dolomite and no garnet. Sample L77:42a (Fig.101) is 
from a dm thick zone of granite mylonite carrying a few garnets, 
in the Sole Thrust, south of Lilla Mannfjellvatn in the northern 
margin of the Tysfjord Culmination. The S2-paragenesis is garnet, 
biotite, white mica, microcline, quartz and Fe-oxide. 
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Fig.101 P-T conditions for the S2 mineral paragenesis in sample 
L77:42a; granitoid mylonite along Sole Thrust Tysfjord Cul­
mination. Si stability curves for phengite micas as proposed 
by Velde (1967), interpolated thin curves between thick curves 
by the author. Breakdown curve for Mn-chlorite to Mn-garnet is 
from Hsü (1968). Calculated P-T line for garnet-phengite is 
according to Krogh & Råheim (1978), and garnet-biotite accor­
ding to Hoinkes (1986). Fine dotted area indicates suggested 
metamorphic peak. 
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Sample L73:51 (Fig.102) is a garnet mica schist, from below 
thrust 3, just south of the Autajaure Window. The S2-paragenesis 
is garnet, biotite, white mica, albite, quartz, Mg-tourmaline and 
Fe-oxides. 
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Fig.102 P-T conditions for the S2 mineral paragenesis in sample 
L73 :51; garget-mica schist below thrust 3, south of Autajaure 
Window. Si stability curves for phengite micas as proposed 
by Velde (1967), interpolated thin curves between thick curves 
by the author. Breakdown curves for chlorite to garnet are from 
Hsü (1968). Calculated P-T line for garnet(rim)-phengite is 
according to Krogh & Råheim (1978), and lines for garnet(rim)-
biotite according to Hoinkes (1986) and Ferry & Spear (1978) . 
Fine dotted area indicates suggested metamorphic peak. 
S2 white mica mean Si = 3.20 
Gr (core) X 0.25 0.18 X 0.54 X-, 0.03 
Gr(inner rim) 0.23 0.15 0.59 g0. 03 
Gr(outer rim) 0.20 0.07 0.69 0.04 
Gr(core)-Bi lnKß M Fe = -3.041 
Gr(outer rim)-Bi lnKQ Mg Fg= -2.872 
Hoinkes Ferry.Spear 
core 2Kb 339 °C 278 °C 
rim 2Kb 366°C 304 °C T°diffcore-rim = c.27"C 
186 
Sample L77:58 (Fig.103) is a mica schistose granitoid mylonite 
carrying a few garnets; it was collected from the Lower Nappe 
Complex below the Akka jaure Thrust, Kjelkvikfjell in the wes­
ternmost part of traverse. The S2-paragenesis is garnet, biotite, 
white mica, plagioclase, quartz and Fe-oxides. 
Fig.103 P-T conditions for the S2 mineral paragenesis in sample 
L77:58 ; garnet-bearing granitoid mylonite; below Akkajaure 
Thrust, Kjelkvikfjell, W. coast Norway. Si stability curves 
for phengite micas as proposed by Velde (1967), interpolated 
thin curves between thick curves by the author. Calculated P-T 
line for garnet(rim)-phengite is according to Krogh & Råheim 
(1978), and lines for garnet(rim)-biotite according to Hoinkes 
(1986) and Ferry & Spear (1978). Fine dotted area indicates 
(?) possible metamorphic peak. 
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Sample JS73:15 (Fig.104) is a calcareous mica schist (Table 8); 
from below thrust 5 of the Akkajaure Nappe Complex, north of Rit-
semjaure Window (Fig.47). The S2-paragenesis is white mica, 
biotite, chlorite, dolomite, calcite, albite, quartz, tourmaline 
and Fe-oxides. 
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Fig.104 Seven calcite-dolomite pairs in contact with each other, 
plotted in the XFejdolonite versus X„g(0alcita diagram for the 
calcite-dolomite geothermometer of Powell et al. (1984). 
For sample L77:42a (Fig.101) the arithmetic mean Si4+ content is 
3,18, based on analyses of four individual S2 white mica grains 
varying between 3.17 and 3.20. The application of the biotite-
garnet geothermometer proposed by Ferry & Spear (1978) was not 
recommended by these authors for garnets with X„ > 0.2 without Ca+Mn 
a correction for these elements. The compositions of the garnet 
rims exceed this value by far (mean XCa=0.36 and =0.07). The 
correction procedure proposed by Hoinkes (1986) for has Ccl 
therefore been applied. Calculation without correction for Ca 
results in significantly lower temperatures (cf. Figs.102,103). 
The calculated P-T, according to Hoinkes (1986), is represented 
as a line in the P-T field (Fig.101). Another estimate of P-T 
conditions has been made by using the garnet-phengite KQFe,Mg 
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geothermometer proposed by Krogh & Råheim (1978) and Råheim 
(1977). No upper limits or corrections for Mn and Ca contents in 
the garnets were suggested by these authors. Calculations using 
white mica and garnet-rim pairs in contact suggest 310°C at 1Kb 
and 335°C at 3Kb. The very low pressure (1Kb) suggested by the 
4+ intersection between the curve for Si =3.18 and the calculated 
garnet-phengite line does not appear plausible considering over­
burdens of 10 km or more, as suggested by mylonite textures 
(chapter 4.2.4). Similar very low pressures are suggested by the 
use of the garnet-phengite geothermometer in conjunction with 
44= » Si values in the other garnet bearing samples (Fig.102,103)* 
For sample L73:51 (Fig.102) the Ferry & Spear garnet-biotite 
geothermometer, uncorrected for Ca and Mn, agrees closely with 
the garnet-phengite geothermomter. It appears probable that these 
uncorrected geothermometers tend to underestimate P-T conditions 
at high contents of Ca and Mn in garnet. Evidence for a depen­
dence of the partitition of Fe-Mg between garnet and phengite on 
relatively small amounts of Ca and Mn have been presented by 
Green & Hellman (1982) . 
In sample L73:51, the arithmetic mean Si4+ =3.2 0 (variation 3.14-
3.24) of five S2 white micas (Fig.102)» The analysed garnets are 
zoned with XCa=0.25 and X^n=0.18 in the core and Xc&=0.20 and 
XMn=0.07 in the rim. A 27°C higher equilibrium temperature for 
the rim as compared to the core is indicated when calculated at a 
pressure of 2 Kb, using either the garnet-biotite geothermometer 
according to Ferry & Spear (1978) or that of Hoinkes (1986). The 
intersection between the line for garnet(rim)-biotite K_ accor-
4+ ding to Hoinkes (1986) and the curve for Si =3.20 intersect at 
1.7 Kb and 3658C. 
4+ The arithmetic mean Si is 3.13 for white mica in sample L77:58. 
The analysed garnet rims yield mean values of XCa=0.35 and 
xMn=0•08. A very great span is evident between the P-T lines cal­
culated by the Krogh & Råheim garnet-phengite geothermometer and 
the garnet-biotite geothermometers of Ferry & Spear and Hoinkes, 
respectively (Fig.103). The temperatures indicated by Hoinkes1 
. 4+ geothermometer are unreasonably high when compared to the Si 
value of the white micas, and the texture and the metamorphic 
Gr Bi 4+ grade of the rock. A higher mean KQ ^ Fe and lower Si than for 
samples L73s51 and L77:42 generally suggest higher P-T conditions 
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in the westernmost part of the traverse. However, Fig.103 may 
also serve to illustrate the need for more quantitative data on 
24- 3-f 44. 2+ 2 + how elements such as Fe , Ti , Ti , Mn and Ca influence 
2+ 2+ the partitition of Fe and Mg between garnet-phengite and 
garnet-biotite and geothermometers built on these relations. 
Recently, Ahlin (1988) presented evidence for a considerable par­
tial re-equilibration post-dating the metamorphic peak, in 
Precambrian high grade rocks from southern Sweden. Incomplete re-
equilibration to new retrograde conditions by the exchange of 
octahedral Fe, Mg, Mn, Ti and Al in biotite with other phases 
carrying these ions resulted in a pronounced scatter in cal­
culated KQ. The influence of such processes in the rocks 
discussed here would tend to lower estimates of P-T; such effects 
can not be excluded. However, to minimize these effects, samples 
with post-S2 cleavages were avoided, and high-Ti biotites and, 
high Na/Na+K white micas were chosen when calculating the KQ 
values for Figs.101-103. 
Seven pairs of calcite and dolomite grains in contact with each 
other were analysed in sample JS73:15 and plotted in the x^ lcite 
versus diagram for the calcite-dolomite geothermometer 
proposed by Powell et al. (1984). The theoretical pressure depen­
dence of this geothermometer is held to be insignificant in the 
range of the pressures discussed here. The plotted compositions 
indicate temperatures between c. 420 and 455"C. 
It is clear from the above that ambiguities exist in the in­
terpretation of the results from the various geothermometers, 
when applied on garnet chemistries so deviating from the ideal 
almandine-pyrope compositions. However, with the exception of 
sample L77:58 from west of the Tysfjord Culmination, all micro-
chemical data together suggest relatively low syn-thrusting P-
Tmax alon9 the raajor thrusts. The analysed garnets all have very 
subordinate Mg-components (cf. Figs.101,102); they are essen­
tially Fe-Al garnets with a substantial Ca and Mn substitution 
(XCa+Mn= c* 0 *4)• The effect of substitution of Fe2+ by the 
larger Mn2+ ion is to displace the lower limit of stability for 
garnet to lower temperatures (cf. Fig.102; breakdown curves for 
chlorite to garnet (Hsü 19 68). The Mn-component only reaches XMn= 
c. 0.18 but the grossular component with the much larger Ca2+ ion 
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reaches mean values of X. = c. 0.35. Conceivably, the combined 
Ccl 
effect of the high degree of substitution by the big ions Mn and 
Ca in the Fe-Al garnets, would suggest the first appearance of 
such garnets at P-T conditions similar to those represented by 
the Mn-chlorite to Mn-garnet breakdown curve. 
The notable scarcity of garnets both along and away from thrusts 
can not be explained by unfavourable bulk chemistry, in regard of 
the lithological diversity within the Lower Nappe Complex and the 
Akkajaure Nappe Complex. This suggests that the breakdown curve 
of Mn-chlorite to Mn-garnet may also reflect the upper limit of 
the P-T conditions reached along the major thrusts of the Ak­
ka j aure and the Lower Nappe Complexes, now present between the 
Tysfjord Culmination and the thrust front. This would indicate an 
estimated maximum P=2.5 Kb, T=430°C below thrust 3 in the center 
of the traverse and P=2 Kb, T=420°C along the Sole Thrust of the 
northern margin of the Tysfjord Culmination. 
The temperature of 420-4550C suggested by the calcite-dolomite 
geothermometer below thrust 5 in the center of the traverse, is 
somewhat higher than the maximum-temperature estimates above. 
Using 455°C as a lower limit of garnet stability would raise the 
estimates of maximum-pressure to 2.5 Kb and 3 Kb, respectively. 
Pressures in the range of 2-3 Kb and maximum-temperatures in the 
order of 420-450°C are also in good agreement with the physical 
conditions suggested by the mylonitic textures described above 
(chapter 4.2.4) . The very local occurrence of garnet is in­
terpreted to indicate temperatures below c. 42 0°C for the bulk of 
the rocks belonging to the Akkajaure and the Lower Nappe 
Complexes east of the Tysfjord Culmination. Further north, along 
the southwest margin of the Rombak-Sj angeli Window, comparable 
temperatures of 4250C are also indicated below the Middle Köli 
Nappe Complex, in chlorite-biotite grade rocks belonging to the 
Lower and Middle Allochthon (Crowley 1988). 
Metamorphism during D3 and D4 took place under chlorite or lower 
grade conditions in the Akkaj aure and Lower Nappe Complexes, east 
of the Tysfjord Culmination. The crenulation type of cleavages 
characterizing these deformation phases is described above (chap­
ters 4.3, 4.4). In metapelites and greenschists, the metamorphic 
imprint is seen mainly as a rotation and recrystallization of 
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mica along the discrete S3 and S4 surfaces. In the Akkajaure and 
Lower Nappe Complexes, from the Autajaure and Ritsemjaure Windows 
and east of there, the mica is commonly recrystallized to smaller 
grain sizes along S3 and S4. Some cleavage surfaces show evidence 
of solution and mass diffusion by concentration of opaques, 
graphite and leucoxene/sphene and dissolution of quartz along 
these surfaces» Locally, chlorite is seen to grow along the S3 
and S4 surfaces. 
Around and west of the Tysfjord Culmination, biotite and white 
mica of similar size as the S2 micas grow along and define the S3 
and S4 cleavages. There also, the later foliations are discrete 
crenulation type cleavages. These S3 and S4 micas are neocrystal-
lized or fully annealed, as compared to the commonly bent or 
grain size reduced micas east of the Tysfjord Culmination. 
Evidence of slower cooling rates, in and around the Tysfjord Cul­
mination, in the form of a thorough annealing outlasting the D4 
event have been described above (chapter 4.3). The neocrystal-
lization of biotite along S4 indicates temperatures of at least 
3 00eC during D4 around the Tysfjord Culmination, while textures 
and mineral reactions suggest lower temperatures east of there. 
This would suggest a cooling of c. 100°C from D2 to D4 along the 
Sole Thrust on the northern margin of the Tysfjord Culmination, 
while temperatures may have been reduced from (?) c. 400°C to 
well below 300°C in the Lower Nappe Complex exposed in the 
Autajaure and Ritsemjaure Windows. This would suggest sig­
nificantly thinner syn-D4 overburdens towards the east. 
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6 SUMMARY, DISCUSSION AND CONCLUSIONS 
The Akkajaure Nappe Complex in the area treated here, comprises 
six extensive thrust sheets, each consisting mainly of granitoids 
overlain by a relatively thin supracrustal cover. A comparison of 
the stratigraphy of the latter and the successions of the under­
lying Lower Nappe Complex, the Parautochthon and the Autochthon 
in the thrust front, indicates an east to west pre-thrust 
stratigraphie continuity between these tectonic elements. 
The overthrust granitoids display pronounced pétrographie and 
geochemical similarities with the autochthonous Perthite-
Monzonite Suite east of the thrust front, as well as the 
granitoids coring the Ritsemjaure and Autajaure Windows and also 
the Tysfjord granite occurring within and west of the Tysfjord 
Culmination. These granitoids show a geochemical, mineralogical 
and textural development characteristic of A-type granitoids. A 
magmatic development, closely associated with the granitoids in­
dicated above, is suggested for the 1.70-1.80 Ga gabbros, 
anorthosites and charnockites-mangerites of the Lofoten region. 
The textures and geochemical characters of the charnockites-
mangerites are comparable to those of the granitoids, but the 
mineral parageneses indicate a crystallization from generally 
'drier' magmas. Slightly but distinctly lower 87Sr/86Sr initial 
ratios for the charnockites-mangerites, as compared to those of 
the Tysfjord granite, may suggest that the former have a more 
direct relationship to mantle source-rocks and are less in­
fluenced by evolved crustal source rocks (cf. Griffin et al. 
1974, Andresen & Tull 1986) . 
Evidence that the Lofoten charnockites-mangerites were part of 
Baltica is provided by the Hamar^y mangerites grading eastwards 
into the Tysfjord granite on the Norwegian mainland (Griffin et 
al. 1978), and the Lödingen granite intruding the Raftsund man-
gerite (Griffin et al. 1974, Andresen & Tull 1983). The root-
zone, inferred for the granitoids of the Akkajaure Nappe Complex, 
west of the present mainland of Norway (Björklund 1985, this 
paper) indicates the pre-Caledonian existence of a wide belt of 
c. 1.65-1.80 Ga post- or anorogenic intrusions, extending from 
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east of Akkajaure to west of Lofoten; a distance of at least 500-
600 km. These intrusions are interpreted to be part of the post­
er anorogenic Transcandinavian Granite-Porphyry Belt. 
Acid porphyries overlie the granitoids of the Akkajaure and the 
Lower Nappe Complexes. These have geochemical and pétrographie 
characteristics similar to units belonging to the 1860-1910 Ma 
old autochthonous Porphyry Group present east of the thrust 
front. Contact relations between the allochthonous granitoids and 
the porphyries are obscured by deformation, but geochemical and 
mineralogical similarities suggest a genetic link between these 
rocks, cf. the Transcandinavian Granite-Porphyry Belt. However, 
correlation of the allochthonous porphyries with those of the 
Porphyry Group casts doubt on this linkage, on account of the 
extrusive ages of the latter being distinctly higher than those 
regarded as typical for the Transcandinavian Granite-Porphyry 
Belt. This accentuates the need for further dating of appropriate 
rocks in the area. 
Coarse porphyry-bearing conglomerates, always spatially as­
sociated with and overlying the porphyries, occur within the 
Akkajaure and the Lower Nappe Complexes. These porphyries and 
conglomerates appear to have been present as isolated outliers, 
from the Ritsemjaure Window to at least 100 km west of the 
present mainland of Norway. Clast-material and stratigraphie 
position suggest that the conglomerates represent western cor­
relatives of the autochthonous Snawa-Sjöfallet 'series'. 
Basic to intermediate alkalic dolerites, composing local dike-
swarms, cut the allochthonous porphyries and the granitoids. 
Contact relations suggest their intrusion into a brittle crust, 
along faults and joint systems with a significant tensional com­
ponent. A major portion of these dolerites are porphyritic, 
containing large amounts of xenocrysts, mainly of cataclastic 
alkali felspar and other minerals typical for the granitoid host-
rocks. These dolerites have apparently been contaminated by 
cataclastic material from the wall-rocks during ascent along ac­
tive shear-zones in the upper crust. Xenocrysts and occasional 
large xenoliths of heavily altered white plagioclase suggest con­
tamination by anorthositic material from the upper mantle or 
lower crust. The geologic setting and lithologie character is 
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similar to those of the alkaline 'big-feldspar dikes' of the Gar-
dar province on south Greenland. It is concluded that the 
allochthonous dolerites in the Akkaj aure area fit into the pat­
tern of magmatic activity related to the 1.3-1.1 Ga extensive 
fracturing of the continental area, north of the Sveconorwegian-
Grenville front, expressed by the Gardar dike swarms on Greenland 
and the Central Scandinavian Dolerite Group of Baltica (cf. Gor-
batschev et al. 1979). 
Light grey, massive arkoses occupied local basins, in pre-thrust 
positions to the west of the basement now exposed along the 
present Norwegian coast-line. These arkoses are not recorded to 
be cut by dolerites. The arkoses and the underlying granitoids 
are unconformably overlain by extensive, up to 10-15 m thick, 
deposits of dolomitic calcareous mica schists. In the eastern 
part of thrust sheet 6, the calcareous schists grade laterally 
and eastwards into gritty calcareous mica schists and further 
east into diamictites carrying clasts of granitoids, dolomites 
and quartzites. Diamictites, occurring within the more easterly 
derived Lower Nappe Complex, generally contain larger, commonly 
boulder-size, clasts. The biggest clasts are found in diamic­
tites, occurring in the cores of the Ritsejaure Window and the 
Tysfjord Culmination, in partly detached positions on the 
granitoids or within large fissures in the latter. The diamic­
tites are correlated with tillite- or tillite-like deposits 
occurring in Lower Nappe Complex in the the thrust front. The 
diamictites are interpreted to be representatives of the c. 650 
Ma BP Varangerian tillites occurring along the length of the 
Caledonian mountain chain. The gradual transition between cal­
careous mica schists and diamictites, coincides with the 
occurrence of tourmaline in the schists. It is therefore thought 
reasonable that the schists represent western shallow marine cor­
relatives to the diamictites. 
A sequence of quartzite, grey shale(phyllite/mica schist) and 
graphitic shale(phyllite), corresponding to the Dividal Group, 
overlies the diamictites and calcareous mica schists. These rocks 
are present within the Lower Nappe Complex and the eastern part 
of thrust sheet 6, the latter corresponding to a pre-thrust 
position west of the present Norwegian mainland. In the higher, 
more westerly derived thrust sheets of the Akkaj aure Nappe 
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Complex, restricted occurrences of pelite-laminated greywackes 
and arkoses underlies the quartzites with sharp or gradual con­
tacts. From thrust sheet 6, the graphitic phyllites and grey 
phyllites(mica schists) are successively cut out in the overlying 
more westerly derived thrust sheets; only arkoses and quartzites 
are found in the thrust sheets 1 and 2. 
This sequence of massive arkoses, diamictites, greywackes and 
arkoses, quartzites, shales(phyllites/mica schists) and graphitic 
phyllites is compatible with established records of late Riphean, 
Vendian and Cambrian sediments deposited along the margin of Bal-
tica. In the Akkajaure-Tysfjord traverse, the allochthonous and 
autochthonous sequences of the Dividal Group are thin and mainly 
restricted to Cambrian units, as compared to the thicker late 
Vendian to Cambrian sequences in the Autochthon north and south 
of Stora Sjöfallet. This suggests that the sedimentation was 
controlled by basement highs during late Vendian times. There is 
evidence for tectonic activity during the Cambrian sedimentation 
in the Stora Sjöfallet area, normal faults controlling the ir­
regular basement surface. A tentative model of the pre-thrust 
distribution of the supracrustal rocks of the Lower Nappe Complex 
and the Akkajaure Nappe Complex is illustrated in Fig.13. 
A number of structures are used to indicate the direction of 
transport during thrusting. These include the orientation of 
horses in duplexes, vergence of Fl-folds in the thrust front, the 
orientation of a sheath-folded outlier of porphyries and 
porphyry-bearing conglomerates, inferred geometry of the thrust 
sheets of the Akkajaure Nappe Complex, orientation of stretching 
lineations (L2), syn-thrust folds (F2) and elongation of clasts 
in conglomerates. The orientations of all these structures are 
interpreted to indicate a direction of transport towards S60E. 
Transverse folds deforming the syn-thrusting D2 structures are 
called F3 folds. These occur in all sizes from the microscopic to 
the very large 'Nieras-fold'. A south-verging group (F3C), 
locally comprising at least two generations of folds, have a 
statistical mean trend of N61W-S61E. Although locally divergent 
with the stretching lineations (L2), the calculated mean plunges 
of the F3g folds and the L2 linear structures are notably 
coincident. A north-verging group (F3N), commonly overprints the 
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F3 group, tending to strike more northerly with a mean orien-
O 
tation of N42W-S42E. 
Three main hypotheses are discussed for the origin of the trans­
verse F3 folds; 
1. rotation of early folds by simple and/or pure shear into the 
thrust direction (Lindström 1961) 
2. folding due to thrusting parallel to (Giesen 1971) or shear 
parallel/oblique to the mountain chain (by transpression,* 
Hartley 1983, Steltenpohl 1987). 
3. folding over deforming hanging-wall lateral ramps (Tilke 1986) 
Syn-thrust rotation (F2) into the thrust direction (according to 
1.) is thought to have been effective mainly on smaller folds 
within the mylonitic shear zones along the major thrusts. Folding 
induced over lateral hanging-wall ramps (3.) are capable of 
creating transverse folds with opposing vergencies. The succes­
sive transfer of thrust-movement onto a 'new' sole thrust, and 
consequent stacking of thrust sheets, may produce a sequence of 
overprinting transverse folds as observed in the Akkaj aure-
Tysfjord area. The progressive build-up of a large antiformal 
stack, the Akkajaure Nappe Complex, would also provoke additional 
transverse folds by gravity spreading perpendicular to the WNW-
ESE crest of the stack. The observed sequential development of 
F3g and F3n folds and variations in regional occurrence of these 
types of folds, suggest that the F3 folding is less likely to 
have been induced by uni-directed orogen-parallel shear (2.). 
A palinspastic reconstruction, including consideration of tec­
tonic stretching of the thrust sheets, suggests that the 
Akkajaure Nappe Complex represents a section, initially in the 
order of 350-400 km long, telescoped together to the present 120 
km WNW-ESE length (cf. Björklund 1985). The partly observed and 
partly inferred structural continuity of the generally sub-
horizontal thrust sheets, imply their derivation from west of the 
basement rocks now exposed along the Norwegian mainland. The 
presence of sedimentary cover rocks on the granitoids over most 
of the east to west length of the extensive thrust sheets, in­
dicates a successive thin-skinned detachment sub-parallel to the 
pre-thrust basement-cover interface. The locking of the higher 
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major thrusts of the Akkajaure Nappe Complex by large F3 over-
folds, which do not fold the Akkajaure thrust, is strong evidence 
favouring the stacking and transport piggy-back style of thrust 
sheets 1 to 6 of the Akkajaure Nappe Complex. This model would 
also explain the higher strains encountered in the upper thrust 
sheets as compared to the lower ones (e.g. thrust sheet 1 com­
pared to 6). The successive appearance of higher stratigraphie 
units of the Dividal Group in the lower (i.e. more easterly 
derived) thrust sheets, e.g. the grey quartz phyllites/slates and 
graphitic phyllites, indicates that the sole thrust cut sys­
tematically up-section within the cover sediments, towards the 
foreland. This requires that the successive detachment within the 
basement and stacking of the Akkajaure Nappe Complex occurred 
well behind the foreland advancing thrust front in the cover 
sediments. This development is consistent with the ductile nature 
of the thrusts, suggesting the existence of a tectonic overburden 
exceeding 10 km in thickness. 
The size and geometry of the thrust sheets of the Akkajaure Nappe 
Complex shows that the structural thicknesses of the granitoids 
increases from thrust sheet 1 to 6 (cf. Fig.13). This implies 
that the successive detachment zones cut progressively deeper, 
from west to east, in the granitoid crust of the hinterland. Com­
parison between the Greenland-Baltica collision (with subduction 
of Baltica), with the analogous present-day Himalayan continent-
continent collision (where the Indian continent is being 
subducted) suggest a probable explanation. As proposed for the 
Himalayan collision (Coward 1983), it is suggested that isostatic 
down-bending of the margin of Baltica, was more pronounced as it 
propagated towards the foreland; this eventually locked the ac­
tive sole thrust. Continued subduction initiated a new sole 
thrust, preferentially originating from the higher strained rocks 
of the bend, cutting down into the basement rocks of the subduc­
ting plate. An increasingly steeper down-bending, would tend to 
produce progressively thicker slices of basement in the thrust 
sheets (cf. Fig.13). However, the great length/thickness ratio of 
the thrust sheets 1-6 indicates that the angle of divergence must 
have been relatively small, between the sedimentary cover and the 
detachment zone in the underlying granitoids. A further 
constraint is given by the similar metamorphic grade along 
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thrusts 1-6, indicating that these were all active at comparable 
depths. 
D1 to syn-D2 mineral assemblages characterizing metasediments and 
mylonites, indicate that movement on the major thrusts took place 
mainly under chlorite-biotite grade conditions ; i.e. along the 
Sole Thrust and the thrusts 1-6 including the Akka j aure Thrust. 
However, an east to west increase of syn-D2 metamorphic grade in 
the Lower Nappe Complex, is shown by the general absence of 
biotite in the thrust front, appearance of biotite in the 
Autaj aure and Ritsemj aure Windows and the rare occurrence of Ca-
Mn rich Fe-Al garnets in highly strained rocks (granite-
mylonites) in the Tysfjord Culmination. A similar small, east to 
west increase in syn-D2 grade is found along the major thrusts of 
the Akkajaure Nappe Complex, with the occurrence of biotite in 
the east and rare Ca-Mn rich Fe-Al garnets around the Tysfjord 
Culmination. This evidence is corroborated by mineral chemical 
evidence, i.e. a westward decrease in the phengite component and 
a corresponding minor increase of paragonite in white mica, and 
also a westward increase in Ti content in biotite. 
Geothermo-barometry based on garnet-phengite and garnet-biotite 
mineral pairs, together with the Si4+ content of white mica and 
calcite-dolomite geothermometry, were applied on metapelites and 
mylonites along the major thrusts. The high contents of Ca and Mn 
in the garnets leaves a wide margin of error in the estimate of 
pressures. However, consideration of all available data, mineral 
chemical as well as textural, suggests that maximum temperatures 
in the order of 420-450 °C and pressures of 2-3 Kb were reached 
during movement on the major thrusts exposed along the margin of 
Tysfjord Culmination. The very local and rare occurrence of gar­
net, despite a wide lithological variation, indicates that syn-
thrust temperatures did not exceed c. 420°C in the bulk of the 
rocks of the Akkaj aure and the Lower Nappe Complexes present east 
of the Tysfjord Culmination. Ca-Mn rich Fe-Al garnets occur very 
locally below thrust 3 in the center of the traverse, far to the 
east of the first appearance of garnets in the underlying thrust 
zones. Similarly, at the thrust front, biotite occurs below 
thrust 5 but not below the Akkaj aure Thrust. This suggests a 
slight increase in grade tectonostratigraphically upwards ; 
supported (but not conclusively) by comparing the chemistry of 
199 
white mica and biotite from the Lower Nappe Complex with that of 
the overlying thrust sheets of the Akka j aure Nappe Complex 
(Fig.100). The suggested difference in grade would be consistent 
with gradually lower temperatures along the active sole thrust of 
a nappe stack moving piggy-back style, towards the foreland. 
However, from the mineral chemical and microscopic evidence, the 
estimated difference in temperature between the major thrusts 
cannot be more than a few tens of degrees. 
Similar temperatures ( c. 425°C) at depths of c. 15 km were 
reported for rocks correlated with the Lower and Middle Alloch-
thons exposed along the southwestern margin of the Rombak-
Sjangeli Window (Crowley 1988). Generally biotite-grade Dividal 
Group metasediments, belonging to the Lower and Middle Alloch-
thons occurring on Hinn^y, eastern Lofoten, suggest syn-thrust P-
T conditions comparable to those around the Tysfjord Culmination 
(Björklund 1987a, 1988). Structural relations and tec-
tonostratigraphic correlation indicate that the crystalline 
basement rocks of the Lofoten province were part of Baltica at 
the closing of the Iapetus and that the Caledonian Allochthons 
were thrust over the Lofoten rocks to their present position 
(Björklund 1987a). Little evidence is published of the Caledonian 
thermal imprint on the Precambrian basement rocks of Lofoten. K-
Ar dating of muscovites and biotites from late pegmatite dikes on 
Moskenes^y gave ages of 317±3 and 418+2 Ma (Griffin et al. 1978). 
These authors also concluded that no extensive metamorphic im­
print on the Lofoten PreCambrian rocks resulted during the 
Caledonian events, and that large parts of the Lofoten province 
escaped heating above 3 00"C. These low temperatures were con­
firmed by fluid inclusion studies, also indicating 
contemporaneous pressures of 1-3 Kb (Olsen, unpubl. in Griffin et 
al. 1978). These observations suggest that the rocks of the 
Lofoten province were not subducted to any greater depths, but 
remained at a relatively shallow level during the Caledonian 
events. It is concluded that the rocks of the Lower and Middle 
Allochthons and the subjacent basement in the Lofoten-
Rombak/Sj angeli-Akkaj aure-Tysfj ord area were subjected only to 
moderate overburdens of c. 10-15 km during Caledonian times. 
These indications are in strong contrast (Björklund 1988) to the 
evidence for Caledonian high-P metamorphism of the Western Gneiss 
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Region in southern Norway (Cuthbert et al. 1983). These com­
parisons suggest the existence of domains, along the axis of the 
Scandinavian Caledonides, with significant différencies in type 
and amount of basement subduction and shortening. 
An attempt at direct dating of the movement on the Akka j aure 
Thrust was made with the Rb-Sr thin slab technique by Claesson 
(1986). The sample was taken from a stream gorge transecting the 
Akkaj aure Thrust in the northeastern part of the Ritsemjaure Win­
dow (Plate I, MapII). The sample is a fine grained, 
compositionally banded granite with a significant fraction of 
feldspar porphyroclasts. The sample displays a disturbed Rb-Sr 
pattern, reflecting a partial resetting of the isotope system. No 
reliable age was obtained from this incompletely reworked rock. 
An indirect estimate of the maximum age of thrusting may be ob­
tained from the distribution of stratigraphie units along the 
major thrusts. The youngest units identified are radiogenic black 
slates and phyllites occurring in the Lower Nappe Complex in the 
thrust front. A few finds of Lower and Middle Cambrian fossils 
have been reported from the Stora Sjöfallet area and, further 
south in an adjacent area, from the same tectonostratigraphic 
levels. These observations indicate that overthrusting in the 
Caledonian front may be as early as Ordovician (Finnmarkian) or 
younger (Scandian) in age (Björklund 1985). The successive 
westward disappearance of the graphitic phyllites and grey quartz 
phyllites beneath the major thrusts of the Akkaj aure Nappe 
Complex, and the failure to identify stratigraphically younger 
units there, allow even earlier movements along these thrusts. A 
similar apparent lack of stratigraphie units younger than the 
Alum Shale Formation have also been reported from the Lower and 
Middle Allochthons in adj acent areas; the Rombak-Sjangeli and 
Singis Windows (Tilke 1986) and the Storvatn area on eastern 
Hinn^y (Björklund 1987a). 
Tilke (1986) reported an upper Silurian 40Ar-39Ar hornblende 
recrystallization age of 416.2 Ma from a foliated amphibolite 
belonging to the 'basement1 within the Rombak-Sjangeli Window, 
and overlain by rocks of the Lower and Middle Allochthons. An­
other hornblende recrystallization 40Ar-39Ar age of 388.5 Ma from 
the Forsa Thrust (=part of the Seve-Köli Thrust) was interpreted 
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to suggest that the latest movement on the Forsa Thrust occurred 
c. 28 Ma later than the mylonitic deformation of the Rombak-
Sjangeli 'basement1. This late thrusting on the Forsa Thrust 
finally emplaced rocks of the Aurek Assemblage (deformed and 
metamorphosed at a high-grade in Late Cambrian to Early Or-
40 39 dovician times, based on Ar- Ar dating), onto rock units 
correlatable with the Lower and Middle Allochthons » 
In the Rombak-Sjangeli and Singis areas, the stratigraphie con­
siderations allow the involvement of the Lower and Middle 
Allochthons in Finnmarkian thrusting, as well as a later Scandian 
thrusting, indicated by the radiometric data. The overlying rocks 
belonging to the Seve-Köli Nappe Complex are interpreted to be 
imbricated and thrust onto Baltica in a Finnmarkian event, fol­
lowed by later out-of-sequence Scandian thrusting over the Lower 
and Middle Allochthons. The tectonic and stratigraphie relations 
in the Lower and Middle Allochthons in the Akkaj aure-Tysfj ord 
area allows a similar interpretation. The radiometric evidence 
for out-of-sequence movement on the Seve-Köli Thrust in the 
Rombak-Sjangeli area supports the structural and tec-
tonostratigraphic evidence for such an event in the Akkaj aure-
Tysf jord area discussed above (chapter 4.2.1). Based on 40Ar-39Ar 
ages from retrogressed eclogites of the Seve Nappe Complex, 
Dallmeyer & Gee (1986) suggested that the deposition of Late 
Cambrian black shales on the foreland platform could have oc­
curred in response to Late Cambrian tectonic loading and 
subduction of the outer margin of Baltica. A further involvement 
of the margin with detachment and assemblage of extensive 
basement-cover thrust sheets (the Akkajaure Nappe Complex) would 
explain the failure to recognize stratigraphie units younger than 
the Alum Shale Formation in the Lower and the Akkajaure Nappe 
Complexes. 
Metamorphism under D3 and D4, in the Lower and Akkaj aure Nappe 
Complexes, took place under chlorite- or lower grade conditions 
east of the Tysfjord Culmination. By contrast, thorough annealing 
of early textures and neocrystallization of biotite along S4 is 
found within around the margin of the Tysfjord Culmination. A 
slower rate of cooling from D2 to D4 is indicated in the Lower 
and Akkaj aure Nappe Complexes around the Tysfjord Culmination as 
compared to further east around the Autaj aure and Ritsemjaure 
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Windows. This suggests significantly thinner syn-D4 overburdens 
towards the east. 
After the locking of all the thrusts, the whole sequence of nappe 
complexes were back-folded (D4) together with the underlying 
basement. The absence of significant movements along any of the 
studied major thrusts, i.e. back-thrusting, is implied by the 
observation that the transverse F3 folds of all the thrusts have 
escaped subsequent decapitation. Similar (D4) orogen-parallel 
folding is recognized regionally along the Scandinavian 
Caledonides. A correlative up-doming of basement, currently ex­
posed in chains of windows along the orogen, implies a 
significant activation of the basement, particularly towards the 
hinterland. Two, in principle different, main mechanisms are con­
sidered here. The first involves vertical solid-state diapiric 
processes driven by density inversions (Ramberg 1981), caused by 
the loading of higher density nappes onto lower density felsic 
basement rocks. The second mechanism involves a basement shorte­
ning and imbrication, essentially driven by horizontal stresses 
(Gee 1986, Andresen & Tull 1986). The existence of a complex sys­
tem of shallow-dipping to sub-horizontal seismic reflectors, down 
to a depth of c. 18 km, have recently been documented along the 
Östersund-Trondheim Global Geoscience Transect (Gee 1988, Hurich 
et al. in press). It has been suggested that these reflectors 
indicate the existence of deep-crustal shear-zones, activized 
during the late stages of the Caledonian orogeny. No large-scale 
thrusting along these shear-zones is necessarily implied by the 
geometric form of the windows alone. However, the occurrence of 
high-P Caledonian eclogites in the Western Gneiss Region in 
southwestern Norway may suggest domains of comparatively large 
total crustal shortening. The complicated convoluted late stage 
interfolding of basement and overlying nappes, evident in some 
western basement windows, may be the result of a density-driven, 
solid-state plastic diapiric modification of domes initiated by 
crustal shortening. The Tysfjord Culmination has a comparatively 
simpler geometric form, and deformation by density-driven 
diapiric processes were probably of minor importance. It is sug­
gested that moderate late-stage crustal shortening, along deep-
crustal shear-zones, are sufficient to explain the formation of 
the orogen-parallel, basement-cored domes and intervening syn-
forms, occurring in the Akkajaure-Tysfjord traverse. 
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ERRATA OF PLATE I 
LEGEND: 
- 'UPPER ALLOCTHON' should be 'UPPER ALLOCHTHON' 
- 'Stora Sjöfallet Group' should be 'Snawa-Sjöfallet 'series'1 
- 'Basic dikes' correspond to 'dolerites' in monography 
MAIN HAP: 
- Filled triangular tick-marks are missing on the Seve-Köli 
Thrust, north of Mannfjord and eastwards to Krokvt. 
- Thick black bar at south end of Sitasjaure and lake c.6 km 
northeast of Stora Sjöfallet signifies hydropower dam. 
DETAIL. MAP III; 
- Tick-marks are partly missing on thrusts in duplex in thrust 
sheet 4; cf. Detail, Section III. 
DETAIL. SECTION I; 
'620' on vertical scale should be '640' 
DETAIL. MAP I; 
- For revised alternative location of thrust 6 west of Autajaure; 
see p.116-117 in the 'monography' of the dissertation. 
DETAIL. MAP II; 
- Tick-marks partly missing, along foot-wall of porphyry, granite 
and quartzite; of horse comprising granite, porphyry, 
porphyry-bearing conglomerate, quartzite conglomerate, 
quartzite (W & Gr) and quartz phyllite, c. 0.5 km west of 
core of the window, cf. DETAIL, SECTION II. 
- Colour indication for 'porphyry-bearing conglomerate' on a 
small island is that of porphyry (light red); 
should be light pink. 
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